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INDUSTRIAL HYGIENE IN BRITAIN 


B. H. HARVEY, M.A.(Oxon.) 
BOSTON 


HERE are two distinct facets of the subject of industrial hygiene in Britain. 

The first concerns the integrated industrial health service controlled by the 
central (in American terms, Federal) government, while the second concerns the 
unintegrated health and safety service operated by industry in individual units and 
paid for by industry. The latter system is essentially based on the works physician 
and the works safety engineer. American readers will be familiar with organiza- 
tions of this kind, whereas it is doubtful if there is any parallel in the United States 
to the first system. 

The government industrial health service in Britain has a long history, for it 
was as long ago as 1833 that four men were appointed under William IV to be 
Inspectors of Factories. This was an event of considerable importance, though 
its consequences were by no means obvious at the time, for it marked a change in 
the attitude of Parliament toward industry. Whereas on two previous occasions, 
1802 and 1819, Parliament had passed acts to deal with the mounting toll of misery 
and disease which the new industries had brought, it was only in 1833 that it chose 
to develop a means of enforcement by appointing four men to be known as His 
Majesty’s Inspectors of Factories, a title which their successors bear with some 
pride to this day. 

If we discount the Police Force Act of 1829, which led to the organization of 
Peel’s well-known “bobbies,” these inspectors were the first essay by the central 
government into direct control of essentially local affairs. So far as preventive 
health measures are concerned, they have remained with their counterparts, the 
Inspectors of Mines, the only representatives of the central government in this 
field, since the wider questions of community public health (water supply, sanita- 
tion, and epidemic disease) have been handed over to the local governments (cities 
and counties) for day-to-day enforcement. 

The necessity for some sort of control of health conditions in the new “manu- 
factories,” as they were called, had been pointed out by Percival of Manchester— 
the first true English industrial hygienist. His observations backed by the pressure 
of powerful private philanthropists, of whom Shaftesbury was outstanding, led to 
the appointment of a Committee of Inquiry which revealed conditions sufficient to 
produce an outcry even in a society so tolerant of misery as the society of that time. 

This Act of 1833 and the enforcement branch that it created dealt exclusively 
with the health of apprentices (paupers shipped by the wagonload from London and 
elsewhere). Though later legislation gave to the Factory Inspectorate responsibility 
for industrial safety, it is worthy of note that this act dealt with the health problems 
of working conditions and was the first attempt in England to improve the health 
of the nation through a direct agency of the government. 


187 


} 
|__| 


188 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


This agency, which has been known for many years as the Factory Department, 
is a branch of the Ministry of Labor. (Previously, from 1833 to 1941, it was a 
branch of the Home Office.) It is responsible for the safety and preventive health 
service for the whole of the industrial community in regard to the working environ- 
ment. It grew up on an ad hoc basis addressed to specific needs and has changed 
and grown as a changing and growing industry has dictated. Had it been developed 
as a complete entity at a later stage, organizational details would no doubt have 
been different. Nevertheless, the present system has at least stood the test of work- 
ing for more than a century. 

For the purposes of the Factory Department, England has been divided into 
11 divisions which follow fairly closely the natural industrial boundaries of the 
various parts of the country. In addition, there is a division of the Factory Depart- 
ment for Wales and another for Scotland. These divisions act as control units for 
the 96 districts, each based on a large manufacturing town and with about 7 or 8 
districts to a division, which, in fact, represent the operating units of the Factory 
Department in the field. Each of the 96 districts is controlled by a District Inspector 
who is a nonmedical man, while the divisions are controlled by Superintending 
Inspectors (with deputies) who are also nonmedical. Yet in each case the Super- 
intending Inspector has attached to his division a Medical Inspector, who is a 
trained industrial physician, to act as his consultant in medical matters. Though 
not responsible directly to the Superintending Inspector but to the Senior Medical 
Inspector in London, this physician acts nevertheless as medical adviser to the 
whole of the division. He is there to assist directly with advice and consultation 
not only the District Inspectors but also the Appointed Factory Doctors who are 
based on the districts and who perform primarily the medical work for the District 
Inspectors. More is said of these Appointed Factory Doctors below. The chain 
of control, however, is strictly administrative and depends in the last resort on the 
District Inspector and his staff. The ultimate responsibility for working conditions 
in any area lies with the District Inspector who is expected to act, and does so act 
not only as a consultant on health and safety problems to industry but also, where 
necessary, as an enforcer of the minimum standards of the law. In connection with 
the latter he also acts as prosecuting attorney in the courts for the government (a 
function which goes back to 1833) in such cases as result in criminal actions against 
employers. 

The responsibilities borne by the District Inspector demand that he shall have 
a very wide general knowledge of industrial conditions and administrative 
machinery, for although the Factory Department does not expect him to cope with 
all the problems in his district alone, it does expect him to know when he needs 
help and specialized advice, and it makes him largely responsible for organizing, 
and to some extent leading, the right team of experts to deal with any problem or 
aspect of a problem which he cannot solve locally. 

To assist the district staff in this work, the Factory Department maintains, 
apart from Medical Inspectors and Appointed Factory Doctors (part-time) based 
locally, other specialist units in London which can offer expert services to the 
divisions and the districts. The Engineering and Chemical Branch, for example, 
is able to offer special advice and information to District Inspectors on any hazard 
which is unusual, since one of its functions is to coordinate the information available 
from all districts on special technical aspects of industrial hygiene. Information 
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gained in one part of the country is, therefore, available to all other parts by virtue 
not only of reports and memoranda but also through talks with Branch members 
who are not limited by geography as to where they may visit. This Branch also 
maintains contact with manufacturers of machinery and plant equipment and with 
the large producers of chemical products. In addition, it is responsible for the 
liaison between the Factory Department and the British Standard Institution (B. 
S. I.), The Government Chemist (for sample analysis), and the Directorate of 
Scientific and Industrial Research. 

Two other units of the Headquarters in London should be mentioned. Firstly, 
the Intelligence Section is responsible for gathering and collecting information on 
industrial hygiene and safety from all published sources throughout the world. It 
maintains a reference system and, in general, can give an immediate answer to 
inquiries either from industry or from within the Factory Department for the latest 
data on any aspect of industrial health. Secondly, there is maintained a permanent 
Health and Safety Exhibition which demonstrates the practical aspects of industrial 
hygiene in a permanent exhibition in London. 

An additional service was brought into being by the national problem of feeding 
posed by World War II. This led to a vast increase in community feeding in fac- 
tories and resulted in the appointment of advisers on the Factory Department staff 
to act in respect to factory community feeding. These advisers are known as 
Factory Canteen advisers, and one or two are attached to each division. They are 
trained in both nutrition and canteen management, and though their work is advisory 
only, it has meant that industry has a ready-made, impartial service which it can 
call upon to aid it in solving the multifarious problems which arise in any attempt 
at community catering. 

Lastly, the Appointed Factory Doctors who assist the District Inspectors with 
primarily medical matters have a history as long as that of the Factory Department. 
There are about 1,800 of them,' and they work generally on a part-time basis. They 
are in the main responsible for the medical examination of juveniles and of all 
persons employed in dangerous processes (lead, chrome, etc.). They also investi- 
gate cases of poisoning and accidents due to asphyxiation which the District 
Inspector refers to them. 

The whole Factory Department organization is controlled from London by the 
Chief Inspector and four deputies, while on medical matters the Chief Inspector 
has a Senior Medical Inspector and a medical staff to act as his consultants. The 
Department itself is small; there are only 350 inspectors and a similar number of 
persons on the clerical staff for the whole of Great Britain. The service costs in its 
entirety about six dollars per factory per year. To suggest that the Department is 
without fault or is incapable of improvement would be ludicrous, but it does repre- 
sent for a very modest cost an integrated service of industrial health and safety 
which not only enforces the minimum standards but also acts as adviser to any who 
seek its help. The latter side of the work now takes precedence over the law-enforc- 
ing functions, and the Department is widely consulted by all sections of British 
industry. 

The minimum standards are contained in a large body of legislation recently 
coordinated in two new Acts in 1937 and 1948 and also in a variety of regulations 
dealing with dangerous trades with special industrial hazards. 


1. This figure includes some 1,500 who act as A. F. D.’s in largely nonindustrial areas and 
spend little time in industrial medicine, as shown in Table 2. 
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The Factories Acts of 1937 and 1948 lay down minimum standards in connec- 
tion with the following: cleanliness of premises, minimum standards of air space, 
heating, lighting, ventilation, provision of sanitary conveniences, removal of fumes, 
toxic materials, drinking water (within the factory premises), first aid, washing 
facilities, cloakrooms, humidity in special processes, underground rooms, entry into 
confined spaces (fume), safety of premises, safety of plant, means of escape in case 
of fire, explosive dusts, guarding of dangerous machinery, employment of women 
or juveniles for excessive hours or in certain dangerous trades, and medical exami- 
nation of young persons. In addition, there are special safety codes enforceable 
through the courts with respect to trades which have especially dangerous condi- 
tions. The codes deal, in general, with the main toxic and other risks; examples 
of materials handled are asbestos, chrome and other metallic poisons, lead, indus- 
trial solvents, radioactive materials, silica, anthrax-contaminated material, and cer- 
tain chemicals. The application of these codes is normally detailed to a particular 
trade, an example being “Regulations for the Manufacture of Certain Compounds 
of Lead.” These regulations lay down minimum standards of protection against 
air-borne or other toxic effects. Most codes prescribe regular medical examination 
of all persons exposed to risk. These examinations are carried out by the Appointed 
Factory Doctors mentioned above. 

In addition, the Factories Acts require that every case of industrial disease 
(these diseases are specified) shall be reported by the physician attending the 
patient and by the employer to the District Inspector and that every accident 
involving a loss of earning capacity for three days shall be reported by the employer 
to the District Inspector. Finally, the Acts require that the Chief Inspector present 
an annual report. This has been going on for nearly a century. In the annual report 
there are presented statistical tables based on reported accidents and cases of 
industrial disease. As a result these reports provide probably the most concise 
body of statistical evidence of industrial conditions presented anywhere in the 
world. The Factory Department publishes also a variety of memoranda, pamphlets, 
and other information concerning its work as a means of promoting interest in the 
many problems of hygiene with which it deals. 

It will be seen from this that the legislation is comprehensive, though it goes 
no farther than what is a minimum standard in the better plants. It does, however, 
allow the legal enforcement of this standard in all factories, large or small. This 
is of considerable importance in relation to the industrial health needs of the nation 
as a whole, since the majority of the industrial population are employed in small 
manufacturing units (i. e., those having less than 250 employees) and do not enjoy 
the benefits available in the well-run, large-scale units. Industrial developments 
continually increase the importance of this aspect. For example, in the chemical 
industry recent developments have made available to all types of industry highly 
specialized chemical products. Whereas these may present little hazard in large 
and well-equipped plants, they may offer serious hazards if used by unskilled 

workers in small and out-of-the-way premises. It is in connection with the latter 
that the Factory Department may well feel that its most useful work is to be done. 

The staff members who are responsible for running this organization are chosen 
by examination from candidates who have “a University degree in Science or 
Engineering,” though in the case of candidates with “other suitable works experi- 
ence” this requirement can be dispensed with. 
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Since the Factory Department takes the responsibility for training its recruits 
over a period of two years and for presenting them to the Civil Service Commission 
(an independent government examining body) for a qualifying examination, it 
believes that recruits with a good knowledge of the management function of industry 
should not be disqualified because, for example, they are not engineers or chemists, 
provided, that is, that the recruits have practical experience of industrial condi- 
tions, since a very large amount of the day-to-day administration of the Factory 


Tape 1.—Factories with Medical Services Other Than Statutory Examination of Young 
Persons for Certificates of Fitness (Great Britain)* 


Number of Workers 


26-50 250 Total 
2. Number of factories with definite arrangements for 
medical services (other than statutory examination 
of young persons) of one or more of the kinds 


(0.42) (2.48) (4.13) (10.23) (41.32) (1.85) 
3. Kinds of medical services in the factories in 2} 

(a) General medical supervision over health of 

employees, including study of sickness records, 

working conditions, and advice to the firm on 

questions of factory hygiene........................ 230 137 223 418 1,517 2,525 
(O11) (0.75) =(2.18) (5.70) (31.06) (1.04) 

(b) Supervision of first-aid or ambulance-room 

(c) Periodical medical examination (whether com- 

pulsory or not) of particular groups of workers: 

e. g., those in employments with special health risks 45 297 200 311 
Percentage of line 1 


220 391 1,494 2,511 


921 2,274 
(0.27) (1.63) (1.91) (4.24) (18.86) (0.93) 
(d) Periodical medical examination of all workers 


7 nO 119 229 
(2) at the physician’s surgery................... 4 1 4 3 6 18 
(e) Examination of new entrants and applicants 
for employment 
76 71 124 253 1,034 1,558 
(2) at the physician's surgery................... 76 17 20 32 80 225 
(f) Examination of workers returning after illness 
(2) at the physician’s surgery................... 68 7 il 21 3M 141 
(g) Other kinds except statutory examination of 
VOU 48 36 69 119 465 737 


* Inquiry made by H. M. Inspectors of Factories (The Lancet 1:928 [May 28] 1949). 
+t Three group schemes among small independent factories. These schemes inelude the 
Slough 113 factories, of which 33 employ less than 26 workers 
Bridgend 39 factories, of which 15 employ less than 26 workers 
Hillington 126 factories, of which 69 employ less than 26 workers 
{ Small factories. The figure for item 3 (c) (periodical medical examination) is largely accounted for by 
the fact that many small factories have compulsory medical examinations by A. F. D.’s for ehrome-plating 
workers. As regards the other figures, they are made up largely of (a) small factories of large industrial 
concerns whose medical services cover small as well as large production units in the organization or (6) smali 
factories of commercial concerns with medical services for their staffs generally. 


following: 


Department depends upon Inspectors having a wide knowledge of industrial needs 
rather than a detailed knowledge of specific industrial techniques. If it is important 
that an Inspector be able to make an accurate general assessment of the over-all 
work in a particular plant by wide knowledge of similar processes and hazards 
elsewhere, it is essential that he be of such caliber and personality that he can meet 
and persuade the higher levels of management to make such changes in the plant as 
his diagnosis of conditions may call for. For while in the last resort the Inspector 
can turn to prosecution, so many of the problems of industrial hygiene do not easily 
lend themselves to clear-cut legal decisions and are more easily solved by persuasion 
and cooperation than by the use of the ultimate sanction of the courts. 
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The second facet of the subject of industrial hygiene concerns the voluntary 
industrial medical services sponsored by British industry. It will be seen at once 
that these services are very different in character, in organization, and to some 
extent in aim from the service already described. Whereas the state-controlled 
service is wholly preventive in character, some element of clinical medicine appears 
in medical programs sponsored by individual employers. It is after all a legitimate 
object of employers to use medical services to keep their employees fit and efficient, 
and this will involve inevitably some clinical medicine directed at the individual 
employee as a patient, whereas the state service is interested far more in all the 
plant employees as a group, with a possible group hygienic risk. 

The individual employer schemes are confined in general (there are exceptions 
in three group schemes) to the larger units of production; this inevitably limits 
their effectiveness to those industries in which large-scale production flourishes. 
The employment of physicians in industry was the subject of a survey carried out 
by the Factory Department in 1949, and the results of this survey were published 
in The Lancet (1:928 [May 28] 1949). The figures presented in this article are 
of considerable interest, for they show in striking manner that it is only in units of 


TasLe 2.—Number of Physicians with Whom Arrangements Have Been Made for Factory 
Medical Services (Great Britain) 


Physicians Physicians 
Amount of Time Given by Physicians, Holding A.F.D. Who Are Not 
Including Statutory and Nonstatutory Services Appointments A.F.D.'s 
Substantial (say, more than 12 hours a week on average).... 4 lll 
Moderate (say, 3 to 12 hours a week on average)............. 245 406 
Occasional (say, three hours or less per week)...............4 1,397 584 


This table does not include 15 Medical Inspectors and members of pneumoconiosis panels (about 25 physi- 
cians) on the staff of the Ministry of National Insurance. 


production of more than 250 employees that there is a significant employment of 
physicians in industry. 

The work carried on by industrial medical officers, as shown in Table 1, is 
varied, and there is no uniformity between one plant and another as to the duties 
of these physicians. It will be seen, however, that though they do practice industrial 
preventive medicine, it is only one of a variety of duties which they are called on 
to perform. The table, as published in 'The Lancet and reproduced here, gives most 
of the facts with respect to both numbers and duties, and it includes all physicians 
employed by British industry. Table 2, however, does not include 15 Medical 
Inspectors of factories or 25 physicians employed by the Ministry of National 
Insurance. 

That industrial techniques are advancing at staggering speed is now a truism, 
and it is therefore essential that industrial preventive medicine should keep in step. 
How far this is even theoretically possible remains to be seen, but it certainly 
cannot be done without a coordination of the efforts of all specialists in the field. 
In the long run, it rests on recruiting to the field of industrial health men with as 
good and as critical minds as are to be found in industry and allowing them to 
think as ruthlessly in combating hazards as do those who create these hazards. 


Harvard School of Public Health, 55 Shattuck Street, Boston 15, Mass. 


EXPOSURE OF CONNECTICUT TOBACCO WORKERS TO PARATHION 


R. A. SCHAEFER, B.Chem. 
AND 


G. H. VANCE, B.S. 
HARTFORD, CONN. 


HE SHADE tobacco industry of Connecticut, growing tobacco primarily for 
use as cigar wrappers, is one of the largest agricultural enterprises in the 
state. This tobacco is grown in fields completely covered by “tents” made from 
cotton netting. Most of the cultivation and harvesting of the crop is done by hand 
so as avoid damage to the leaves and requires large crews of field workers. Insects, 
such as aphids or Japanese beetles, damage the tobacco, and their control is one 
of the major problems of the industry. During the past few years, this control 
has been accomplished by using greater quantities of parathion (O,O-diethyl-O-p- 
nitropheny] thiophosphaie). In June the insecticide is applied as a 1% dust by means 
of mobile dusting equipment. By July or August the crop has grown to such an 
extent that ground equipment would damage the plants. During this time a 1% 
spray, prepared from either a 25% wettable powder or a 25% liquid solution, is 
applied by means of airplane or helicopter. Both dust and spray are applied at a 
rate equivalent to 4 lb. (113 gm.) of parathion per acre. 
Parathion has proved to be an excellent insecticide, but it is also very toxic 
to warm-blooded animals. It was originally developed as a war gas, acting as a 
nerve poison which inhibits cholinesterase activity. The Bureau of Industrial 
Hygiene of the Connecticut State Department of Health has been studying the 
methods of application of this new insecticide and the health hazard associated 
with its use. In cooperation with other governmental agencies and insurance 
companies, instructive material was distributed to physicians, farm operators, and 
others concerning the dangers resulting from careless or indifferent handling. 
Repeated emphasis has been placed on the possibility of parathion being absorbed 
through the unbroken skin, through the respiratory tract, or through the digestive 
system. Literature describing the usual symptomatology of parathion poisoning has 


This paper was presented at the meeting on Nov. 14, 1952, of the New England section 
of the American Industrial Hygiene Association. 


Mr. Schaefer and Mr. Vance are senior industrial hygiene chemists with the Bureau of 
Industrial Hygiene of the Connecticut State Department of Health. 
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been made available to the tobacco industry, together with information and recom- 
mendations on the use of suitable protective clothing and respirators and the need for 
constant attention to personal hygiene. 


In addition to the work done in acquainting the tobacco growers with the health 
hazards associated with the use of this new insecticide, studies were made to deter- 
mine the extent of exposure of workers in the industry who might come in contact 
with parathion. During 1950, the first year in which parathion was used extensively 
on the tobacco crop, two samples were collected in the breathing zone of the 
operator of one of the mobile dusting units. In 1951 and 1952, samples were taken 
in the breathing zone of the worker mixing spray solutions for airplanes and in 
the breathing zone of the pilots during spraying operations. In addition, several 


Apparatus for obtaining air samples in the breathing zone of airplane pilots during spraying 
operations. 


samples were taken in the tobacco tents at various intervals after dusting with the 
rig and after spraying from an airplane to determine the earliest time that workers 
might safely enter the field. 

The apparatus for obtaining air samples in the breathing zone of airplane pilots 
during spraying operations is shown in the illustration. The sample was collected 
in a midget impinger actuated by a 6-volt motor-driven pump. Power was supplied 
by five 1%4-volt dry cells in series. Sampling was started by the pilot at the start 
of the spraying operation by moving the lever arm of the timer set for a predeter- 
mined interval. The electric circuit to the motor was controlled by a microswitch 
coupled to the timer. The apparatus was based on the design of H. V. Brown, of 
the California Department of Public Health (/ndustrial Hygiene Newsletter 112 35 
| March] 1951). 
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The atmospheric concentrations of parathion found in air samples in the breath- 
ing zones of the duster, the mixer, and the pilots were as follows: 


Concentrations, 
.of 
Sampling Location and Conditions Parathion per 
Dusting with Ground Equipment Cu. M. of Air 


Breathing zone of operator of dusting unit—dusting 1% 0.42 
mix (two 100-Ib. bags of parathion dumped into hopper 
during sampling period) 

Sampling location same as above (one 100-lb. bag of 
parathion dumped into hopper during sampling period) 


Mixing for Airplane Spraying 
General atmosphere in mixing area—mixing 25% wettable 
powder and liquid for airplane spraying 
Breathing zone of worker mixing liquid parathion and 
water for airplane spraying 


Breathing zone—mixing liquid parathion and water for 
airplane spraying 


General area—no mixing operations being conducted 044 

Breathing zone—mixing liquid parathion and water for 0.18 
airplane spraying 

General area—no mixing operations 0.09 


Airplane Spraying 
Breathing zone of pilot of open coekpit biplane during 0.24 
spraying 
Breathing zone of pilot of open cockpit biplane during 0.05 
spraying and return trip to airfield 
Breathing zone of pilot of cabin plane during spraying 0.29 


The above samples were collected in midget impingers at a sampling rate of 
0.1 cu. ft. (0.0028 cu. m.) per minute. 

The atmospheric concentrations of parathion found in air samples in tobacco 
tents after spraying and dusting were as follows: 


Sampling Location and Conditions 
(Samples collected approximately 
30 ft. [9 m.] from edge of fleld - - 
with standard impingers at i 7/7/ Airplane Spraying—8/2/52 
sampling rate of 1 cu.ft. 
(0.028 eu. m.] per Sampling Concen- 
minute) T tration Time tration 


During application over 7:00 a.m. 0.19 


Time after Application 


11:30 a. 
12:00 n. 


10:30 a. 
11:00 a. 


10:00 a.m. 

The Conference of Governmental Industrial Hygienists has tentatively suggested 
the use of 0.1 mg. of parathion per cubic meter of air as the maximum allowable 
concentration of this insecticide. 

As will be seen from the above tabulations, the only concentrations in excess 
of this amount were those found in the breathing zone of the operator of the 
dusting unit, in the breathing zone of the airplane pilots during actual spraying, 
and in the breathing zone of the operator during mixing. The operator of the 
duster was provided with a respirator which afforded adequate protection. Since 


Date 
7/25/51 0.53 

1.76 

7/25/51 
7/29/52 

m. 0.02 7:30 a.m. 0.14 
| | 8:00 a. In. 

12:00 n. 0.02 8:30 a.m. 0.05 
12:30 p.m. 9:00 a.m. 

1:30 p.m. 

2:30 p.m. 

4:00 p.m. 0.01 12:30 p. m. 0.12 
4:30 p.m. 1:00 p. m. 

1) 
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pilots conduct actual spraying operations for periods averaging not more than two 
hours per day, the concentrations to which they were exposed were appreciably 
lower than the proposed safe limit of 0.1 mg. per cubic meter of air. The mixer 
was exposed to the highest average concentrations found. The use of adequate 
respiratory protection and protective clothing has been recommended for this 
operation. 

The atmospheric concentrations of parathion found in the tobacco fields after 
dusting and spraying were all below the maximum allowable concentration of 
0.1 mg. per cubic meter of air, with the exception of the first two samples, which 
were taken during the first hour after airplane spraying. Since it is not the usual 
practice for workers to enter the tobacco fields for at least one hour after spraying, 
the over-all concentration of parathion to which these workers are exposed can 
be regarded as well within safe limits. 


Parathion residues were determined on samples of tobacco leaves at periods of 
24 hours, 10 days, and 2 weeks after the spraying of the fields. The amounts of 
parathion found were 6 ppm after 24 hours, 2 ppm after 10 days, and no measurable 
quantity after 2 weeks. The 6 ppm is equivalent to approximately 60 y of para- 
thion remaining on or being absorbed in each tobacco leaf, and decreasing to 
negligible quantities after two weeks. This work was done in order to obtain an 
estimate of the amount of the insecticide on tobacco leaves which might serve as 
a basis upon which to judge the importance of skin contact in our control program. 
With regard to the possible hazard of skin absorption from contact with the leaves 
during cultivation and harvesting, it has been calculated that it would be necessary 
to absorb the entire spray residue from approximately 200 leaves to be exposed 
to the estimated minimum lethal dose of 12 to 20 mg. as published by Dr. Lehman 
of the United States Food and Drug Administration. An accurate estimate of the 
severity of the health hazard presented by contact of the skin with parathion 
residues on tobacco leaves would be impossible at this time. However, it should 
be pointed out that during the past three or four seasons many thousands of 
workers, many of them children, have been exposed to parathion by skin absorption 
through the handling of tobacco leaves containing parathion spray residues, but 
to date no proved illness due to skin absorption of parathion has come to the 
attention of the Connecticut State Department of Health. Reasonable attention 
should be given, of course, to personal hygiene and to the protection afforded by 
proper clothing and frequent changes. 

Although the above data are insufficient to permit definite conclusions, they are 
indicative of the apparent safe handling of parathion in the tobacco industry. 
Further studies, together with a correlation of medical findings and body-fluid 
analyses, are planned for future seasons. 
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TOXICOLOGICAL AND PHARMACOLOGICAL STUDIES ON CHLORDANE 


ANTHONY M. AMBROSE, Ph.D. 
HERBERT E. CHRISTENSEN, M.S. 


DOROTHY J. ROBBINS, B.S. 
ALBANY, CALIF. 
AND 


LELLAND J. RATHER, M.D. 
SAN FRANCISCO 


F THE many chlorinated hydrocarbons recently synthesized for possible use 

as economic poisons, chlordane is perhaps one of the more promising. In 
some respects chlordane has been found superior to DDT as a pesticidal agent in 
the control of some insects of medical importance.’ Since chlordane is a chlorinated 
hydrocarbon, its physiological action on mammals may be expected to be similar 
to that of other chlorinated hydrocarbons, for example, chlorophenothane (DDT— 
2,2 bis [ p-chloropheny]]-1,1,1, trichloroethane), BHC (1,2,3,4,5,6-hexachlorocyclo- 
hexane), TDE or DDD (1,1-dichloro-2,2-bis | p-chloropheny]]-ethane ). 

Recently Ingle? reported on the toxicity of chlordane to white rats by various 
routes of administration and concluded that chlordane and chlorophenothane have 
about the same order of toxicity. Liver damage was less in chlordane-treated rats, 
but pulmonary damage was greater with chlordane than with chlorophenothane. 
Stohlman, Thorp, and Smith * have reported on the toxic action of chlordane in rats 
and rabbits to which single and multiple doses were administered orally and in 
rats which were fed a semisynthetic diet containing 0.03, 0.05, or 0.1%. These 
authors have concluded that acutely chlordane is somewhat less toxic than 
chlorophenothane for rats and about equally toxic for rabbits; chronically, 
chlordane is considerably more toxic than chlorophenothane for both rats and 
rabbits. Other studies on the acute toxicity of sprays, dips, and wettable pow- 
ders to cows, sheep, and goats have been reported by Radeleff* and by 
Bushland, Wells, and Radeleff.2. From these observations it has been con- 


From the Pharmacology Division, Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, United States Department of Agriculture (Dr. Ambrose, 
Mr. Christensen, and Miss Robbins) and Department of Pathology, Stanford University School 
of Medicine, San Francisco (Dr. Rather). Mr. Christensen is currently with the Army Environ- 
mental Health Laboratory, Army Chemical Center, Maryland. 

1. Andrews, J. M., and Simmons, S. W.: Developments in the Use of the Newer Organic 
Insecticides of Public Health Importance, Am. J. Pub. Health 38:613, 1948. 


2. Ingle, L.: Toxicity of Chlordane to White Rats, J. Economic Entomol. 40:264, 1947. 


3. Stohlman, E. F.; Thorp, W. T. S., and Smith, M. I.: Toxic Action of Chlordan, Arch. 
Indust. Hyg. & Occup. Med. 1:13, 1950. 


4. Radeleff, R. D.: Chlordane Poisoning: Symptomatology and Pathology, Vet. Med. 48: 
342, 1948. 


5. Bushland, R. C.; Wells, R. W., and Radeleff, R. D.: Effect on Livestock of Sprays and 
Dips Containing New Chlorinated Insecticides, J. Economic Entomol. 41:642, 1948. 
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cluded * that chlordane is not without danger. Rosenberg and co-workers * have 
reported on the chronic toxicity of chlordane to young “ and growing chickens ° 
and on its effect on laying pullets “which responded by cessation of egg production 
in proportion to the amount of chlordane in the diet. Lehman,” on the basis of 
incomplete experimental evidence, states that chlordane is at least four times as 
toxic as chlorophenothane and is of the opinion that “chlordane has no place in the 
food industry where even the remotest opportunity for contamination exists.” 

In view of the potential widespread use of chlordane in agricultural and house- 
hold insecticidal formulations, the present studies were undertaken so that human 
health hazards associated with its use can be evaluated. 


Chlordane is not a pure entity. From the nature of its chemical synthesis, it is 
composed of at least five known related compounds (alpha and beta chlordane, 
heptachlor, trichloro 237, etc.) These are present in varying amounts (25 to 40% ) 
in technical chlordane. The possibility of variation in composition of different lots 
of chlordane makes comparison of the toxicological and pharmacological data from 
different laboratories difficult. 

Chlordane (1,2,4,5,6,7,8,8-octachloro-4,7-methano-3a,4,7,7a-tetrahydroindane ) is 
also known under the following names: chlordan, “‘octa-klor,” and “velsicol 1068.” 
It is a viscous, amber-colored liquid, insoluble in water but soluble in practically all 
organic solvents. Its estimated vapor pressure (data supplied by J. Everett Bussart 
of the Velsicol Corp., Chicago) at 25 C. is 0.45 —1.55 & 10 mm., which is less 
than the vapor pressure of mercury and intermediate between the vapor pressures 
of chlorophenothane and BHC. 


EXPERIMENTAL PROCEDURES AND RESULTS 


A. Acute Oral Toxicity.—This experiment called for single dosage by gastric intubation. 
Because of the insolubility of chlordane’ in water, appropriate solutions in ethyl alcohol or 
cottonseed oil were used. Albino rats of both sexes, weighing 200 to 300 gm. each, were used. 
The dosage, contained in approximately 1 ml. of vehicle, ranged from 200 to 800 mg./kg. of 
body weight. As controls, rats were given 2 ml. of the respective vehicle per rat. 


The results are summarized in Table 1. The L.D.59 for chlordane in cottonseed 
oil was found to be approximately 590 mg./kg. This value is about twice that 
reported by Ingle * and Stohlman, Thorp, and Smith * and is about the same order 
of magnitude as reported by Lehman.’ For chlordane in ethyl alcohol, the L.D.59 
appears to be slightly higher, but it was not calculated because of the small number 
of animals used. The occurrence of deaths in the dosage ranges employed was 
delayed one to four days after administration. The symptoms that preceded death 
were essentially the same as those described by Stohlman and others * and by 
Radeleff.* Attempts to protect rats from the lethal effects of chiordane by sup- 


6. (a) Rosenberg, M. M., and Adler, H. E.: Comparative Toxicity of DDT and Chlordan 
to Young Chicks, Am. J. Vet. Res. 11:142, 1950. (b) Rosenberg, M. M., and Tanaka, T.: Tox- 
icity of Chlordan to Growing Chickens, ibid. 11:233, 1950. (c) Rosenberg, M. M.; Tanaka, T., 
and Adler, H. E.: Toxicity of Chlordan to Laying Pullets, ibid. 11:236, 1950. 


7. Lehman, A. J.: Some Toxicological! Reasons Why Chemicals May or May Not be 
Permitted as Food Additives, Quart. Bull. A. Food & Drug Offic. U. S. 14:82, 1950. 
8. Chlordane used was a refined technical grade supplied by Julius Hymans & Co., Denver. 


9. Lehman, A. J.: The Toxicology of the Newer Agricultural Chemicals, Quart. Bull. A 
Food & Drug Offic. U. S. 12:82, 1948. 
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pressing the convulsive seizures with pentobarbital were unsuccessful. Rats in 
which convulsions developed were given 25 mg./kg. of pentobarbital subcutane- 
ously or intraperitoneally. The intraperitoneal administration of pentobarbital 
usually suppressed and prevented the convulsive seizures but had no effect on the 
lethal effects of chlordane. Death eventually ensued in all rats, whether the pento- 
barbital was administered before the convulsions developed or during an attack. 
With lethal doses of chlordane, convulsive seizures occurred several times before 
the rats died. 


TABLE 1.—Acute Oral Toxicity of Chlordane (CH) in Cottonseed Oil or Ethyl Alcohol to Rats 


Mortality Ratio 
Cottonseed Oil 
Male Female Male Female 


Ethyl Alcohol 


10/10 


Tape 2.—Subacute Oral Toxicity of Chlordane in Cottonseed Oil to Rats 
Five Rats per Group 


Average Number of Doses 

Body Weight Survived by Each Rat Average 

Daily Dose, r Total Dose, 
Initial Final Mg./Kg. 

243 310 Oo 

265 335 

233 

256 

241 

243 


™ 
oo 


-~ © 


B. Subacute Oral Toxicity—In order to determine whether any cumulative effects resulted 
from the daily gastric intubation of sublethal doses of chlordane, six groups of rats, with five 
rats in each group, were given varying amounts of chlordane in cottonseed oil. In Table 2, data 
are summarized on the dosages employed, number of rats used, weight of rats, and number of 
doses administered. The concentration of chlordane was adjusted so that the amount in cotton- 
seed oil was approximately the same for each rat. In all cases the dose of chlordane administered 
was contained in less than 1 ml. of oil. 


Rats receiving 25 mg./kg. or less of chlordane in cottonseed oil for 15 consecu- 
tive days showed no toxic reactions, as exhibited by tremors, convulsions, or death. 
With doses of 50 mg./kg., symptoms of toxicity were apparent after the ninth dose. 
One rat in which convulsions developed died, and after 12 doses convulsions devel- 
oped in a second rat, which also died. Three other rats in the group tolerated 15 
doses without the development of any toxic symptoms. These three sur- 
vivors all lost weight during the course of chlordane administration. How- 
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ever, 21 days after the administration of chlordane was discontinued, all three sur- 
viving rats in the group made substantial gains in body weight. With doses of 
100 mg./kg., one death occurred ‘after three doses, two after eight doses, and two 
after nine doses. With doses of 200 mg./kg., three out of five rats died after three 
doses, and the remaining two after four doses. In all instances convulsions pre- 
ceded death. These observations suggest that chlordane is a cumulative poison and 
that its rate of elimination and/or detoxication may be slower than its rate of 
absorption. 


C. Cutaneous Toxicity—The potential dangers arising from the handling of toxic sub- 
stances, either in the process of manufacturing and formulating or from contact with the skin 
in the process of use, should not be minimized. It is well recognized that certain agents either 
may be absorbed through the skin to give rise to systemic reactions or may produce only local 
reactions (irritation). Accordingly, studies have been conducted to compare the toxicity of 
chlordane in ethyl alcohol and cottonseed oil when applied to the depilated surface of albino rats. 
The requisite amount of chlordane in the respective vehicle was applied to the depilated antero- 


TABLE 3.—Cutaneous Application of Chlordane (CH) 
Fifty Milligrams per Rat—Five Rats per Group 


No. of 


Daily 
Body Appli- 
Wt.,Gm. cations Chlordane in Comments 

200 4 No deaths 27 days after application 

200 3 No deaths 26 days after application 

200 2 Ethyl Aleohol No deaths 25 days after application 

200 1 No deaths 24 days after application 

230 4 All dead within 4 days after last application 
230 3 r i All dead within 24 hr. after last application 
230 2 Cotten on One dead 12 days after last application 

225 1 One dead 3 days after last application 


dorsal surface and was gently rubbed in with a glass stirring rod until the skin appeared dry. 
In Table 3, data are summarized on the amount of chlordane applied, the number of applications, 
and the results. ; 


From the data presented in Table 3, it can readily be seen that chlordane in 
cottonseed oil, when applied to the skin of rats, is definitely more toxic than an 
equivalent amount of chlordane in ethyl alcohol. No local or systemic toxic reac- 
tions were seen in rats which had received daily inunctions of chlordane in ethyl 
alcohol in doses of 50 mg., equivalent to approximately 273 mg./kg., for four days. 
In the case of chlordane in cottonseed oil, one application of 50 mg., equivalent to 
approximately 222 mg./kg., was fatal to one rat out of five tested; two applications 
of 50 mg., equivalent to approximately 217 mg./kg. each on consecutive days, were 
fatal to one out of five rats, and three or four applications of 50 mg., equivalent to 
approximately 217 mg./kg. each on consecutive days, were fatal to all the rats 
tested. In all instances death was delayed from 1 to 12 days after the last applica- 
tion. In all rats dying after cutaneous application of chlordane in cottonseed oil, 
symptoms characteristic of chlordane poisoning, such as tremors, were not seen. 
Thus, it appears that chlordane in cottonseed oil is rapidly absorbed through the 
skin. This observation also indicates that chlordane is contraindicated in the pres- 
ence of fats. The practical importance of this study from a toxicological point of 
view is evident. Chlordane in a suitable vehicle, such as cottonseed oil, hastens 
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absorption through the skin, while undiluted chlordane or chlordane in a volatile 
solvent, such as ethyl alcohol, had no effect. Thus, it appears that ethyl alcohol 
would make a valuable adjunct for the removal of chlordane from the skin of per- 
sons exposed to it. 


D. Chronic Toxicity—Studies on chronic intoxication resulting from the prolonged oral 
ingestion of diets containing 0.001 to 0.128% chlordane by weight (equivalent to 10 to 1,280 ppm) 
were conducted on albino weanling rats. Each group, composed of five males and five females 
(sexes separated), was housed in individual cages, with wood shavings as litter. The general 
design of the experiment in part is given in Table 4. Free access to water and the respective diets 
was permitted at all times. At weekly intervals food consumption and body weights were deter- 
mined. At frequent intervals hematological studies, consisting of erythrocyte counts, leucocyte 
counts, and hemoglobin concentration, were made. 


TaBLe 4.—Body Weights and Organ Weights of Male and Female Rats That Survived on 
Diets Containing Chlordane (CH) for Approximately 407 Days 


No.of Body Weight, Gm. Liver, Gm. Kidneys, Gm. Spleen, Gm. 


Supplement Feed Rats Mean + S. E.* Mean + S. E. Mean + S. E. Mean + 8S. E. 
Males 
5 458.6 9.43 12.92 + 0.24 2.39 + 0.14 0.62 + 0.03 
5 4387.6 8.94 13.47 = 0.39 2.30 + 0.04 0.57 0.02 
3 425.3 640+ 12.46 + 0.21 2.24 + 0.05 0.58 + 0.01 
Gy Geiisionstiscvccessses 5 409.6 + 6.31 13.25 = 0.27 2.25 + 0.05 0.58 > 0.04 
3 444.3 + 12.703 14.41 0.42 2.45 + 0.09 0.59 > 0.04 
5 42762 5.37 15.00 > 0.38 2.52 + 0.08 0.57 = 0.03 
5 376.6 + 15.83 17.65 = 0.31 2.26 + 0.03 0.55 0.04 
Females 
CN vi nh cciatndsacaceees 5 290.0 + 11.37 8.38 + 0.42 1.48 + 0.07 0.45 + 0.02 
ry or 4 352.0 + 12.09 § 10.66 > 0.42 1.72 + 0.04 0.49 + 0.08 
5 306.4 > 8.72 8.79 > 0.29 1.57 0.04 0.50 0.04 
4 302.3 + 17.32 § 9.33 + 0.73 1.65 = 0.05 0.43 + 0.01 
4 295.8 + 28.51 § 10.62 0.70 1.72 = 0.07 0.45 + 0.01 
rrr 4 273.0 + 32.57 § 10.96 1.20 1.66 0.06 0.42 + 0.04 
5 259.4 5.59 13.40 = 0.61 1.66 + 0.07 0.48 0.04 


* §. E. = Standard Error of the Mean. 

+ One animal died on each of the following days, 104th, and 108th. 

$ One animal died on each of the following days, 6lst, and 395th. 

§ One animal in each group, respectively, died on the following days, 180th, 368th, 389th, and 170th. 


The stock ration, used as the basic diet and to which chlordane was added, had the follow- 
ing percentage composition: casein, 10; degerminated yellow cornmeal, 73; linseed oil meal, 10; 
ground alfalfa, 2; cod liver oil (U.S.P.), 3; bone ash, 1.5, and sodium chloride, 0.5. 


Chlordane in concentrations of 0.128% of the diet was fatal to all rats in a 
group within 7 days, and in concentrations of 0.064% it was fatal to four out of five 
rats in a group within 15 to 30 days. At these higher dietary concentrations,. 
death was due partly to inanition and partly to the chlordane in the diet, since the 
amount of food consumed by these rats was approximately one-half that consumed 
by the control rats over the same period. Older rats fed at the same dietary levels 
of chlordane also succumbed to the rigors of the diet within the same time. 


Chart 1 shows the growth curves for each group of rats on diets containing 
varying concentrations of chlordane and for the controls for approximately 407 
days (403 to 410 days). Table 4 shows the number of rats that survived on the 
respective diets, the average initial and final body weights, and the average weights 
of liver, kidneys, and spleen of rats in each group, with statistical treatment of the 
data. Other organ weights were not treated similarly, since the data did not appear 
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to warrant further treatment. The few deaths which occurred during the course of 
these studies, with the exception of those of rats receiving 0.064% chlordane, were 
.sShown by autopsy to be due to pulmonary infection. During the course of the 
experiment there were no indications of toxicity due to the chlordane in the diet, 
such as the development of tremors on withdrawal of chlordane from the diet or 
sensitization to auditory stimulation as induced by an electric vibrator. 

Four rats of each sex on the diet containing 0.064% chlordane lost weight 
rapidly and died within 18 days. Of the two survivors, one died 145 days later, 


475 
450 


400 


350 


300 


—— CONTROL 
— — 000! %CHLORDANE 
002% 


AM 
° 


N 
° 


—++— 0032% 
OO64% 


a 
° 


eo 
oo 


a 


= 
= 
3 
w 
< 
> 
< 


FEMALE 


° 35 70 105 140 175 210 245 2860 315 350 385 420 


Chart 1—Growth curves of male and female rats on diets containing chlordane. 


possibly of pulmonary infection, while in the other tremors developed after about 100 
days on the diet, which terminated in convulsive seizures and death 7 days later. 

The groups of rats on the diet containing 0.032% chlordane showed a definite 
depression in growth after about the 70th day; their final average body weight 
(Table 4) fell 18% for the males and 11% for the females below that of the respec- 
tive controls. No deaths or evidences of ill effects were observed in either group. 
Organ weights (Table 4), with the exception of the liver, compared favorably with 
those of the controls. 

The growth rates of female rats on the diets containing 0.001 through 0.016% 
chlordane were as good as or better than those of the controls. The growth rate of 
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male rats on the diets containing 0.002, 0.004, and 0.008% chlordane were slightly 
below that of the controls. The significance of this slight depression in growth is 
questionable. 

Liver weights of both male and female rats on the diets containing 0.008, 0.016, 
and 0.032% chlordane were significantly larger than those of the respective control 
rats (Table 4). All other organs, with the exception of the liver and kidneys of 
female rats receiving 0.001% chlordane and the kidneys of female rats receiving 
0.002 and 0.008% chlordane, compared favorably with those of the controls. In 
the light of negative histopathological findings in these organs, the increased weights 
of the liver and kidneys of female rats receiving 0.001% chlordane, which were 
undoubtedly due to increased body weights, and the slight increase in kidney 
weights of female rats on diets containing 0.002 and 0.008% chlordane are not 
considered significant. 

Food consumption computed at weekly intervals for the female and male rats 
on the control diet, averaged 9.4 and 13.1 gm. per rat per day, respectively. Food 
consumption by rats on diets containing 0.001 through 0.032% chlordane compared 
favorably with that of the respective controls. 


Daily chlordane consumption by both male and female rats on the 0.032% 
chlordane diet ranged from approximately 35 to 25 mg./kg. during the first 32 
days, from approximately 25 to 15 mg./kg. during the next 106 days, and from 
approximately 12 mg./kg. during the next 264 days. Dietary consumption of 
chlordane by rats on receiving the lower levels of chlordane was proportionally 
lower. 


Hematological studies, consisting of erythrocyte counts, leucocyte counts, and 
hemoglobin concentration, made on all rats of both sexes at intervals of approxi- 
mately 100 days while they were on the respective chlordane diets, did not reveal 
any significant changes in any one of the three findings when compared with the 
data for respective controls obtained at the same time. Erythrocyte counts varied 
from 8,000,000 to 12,000,0000; leucocyte counts varied from 6,000 to 15,000, and 
hemoglobin concentration varied between 14 and 17 gm. per 100 cc. in rats 125 to 
400 days old. These values fall within the range previously observed by one of us 
(A. M. A.) on several hundred rats examined over a number of years. 


E. Tissue Storage—The accumulation of chlorinated hydrocarbons in adipose tissues and its 
significance are well recognized, particularly since the advent of chlorophenothane and com- 
pounds of similar chemical structure (TDE, methoxychlor, isomers of BHC, etc.). However, 
little is known about the storage of chlordane in adipose tissue of experimental animals, prob- 
ably because of the lack of a specific analytical method. 


Recently Davidow 1° has described a colorimetric procedure for the estimation of chlordane. 
Although the detailed procedure and technique have been described,!° the following brief account 
is presented as a guide to interpretation of the results of the present investigation. Weighed 
samples of perirenal fat were triturated with anhydrous sodium sulfate to a fine powder, extracted 
with diethyl ether by shaking in an Erlenmeyer flask, filtered, and the extract made up to a 
definite volume. From a measured aliquot, fat and interfering substances were removed by 
chromatographing through a column charged with “dicalite 4200.” The eluate, concentrated to 
a small volume, was treated as described by Davidow.’° The final volume for colorimetric or 
spectrophotometric measurements was adjusted to 12.5 ml. for the tissue extracts as -well as 
for the standard. 

10. Davidow, B.: A Spectrophotometric Method for the Quantitative Estimation of Technical 
Chlordane, J. A. Official Agricultural Chemists 33:886, 1950. 
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Table 5 gives a summary of data on tissue storage of both male and female 
rats on a diet containing 0.032% chlordane for varying periods and on the rate of 
elimination from the perirenal fat after removal of chlordane from the diet. Tissue 
storage appeared to be greater for female rats than for male rats, and after five 
days on the diet appreciable storage of chlordane occurred. Studies on the rate of 
disappearance, though meager, suggest that chlordane either is rapidly eliminated 
or is converted into some other substance which does not respond to the colorimetric 
method of Davidow.’® 

Tissue storage of chlordane in rats that were on diets lower in chlordane or in 
rats that were taken off the chlordane diet for more than 20 days was found to give 
anomalous results, which lead us to believe that chlordane is stored in part as 
chlordane and in part as some other degradation product of chlordane. In Chart 2 


Tas_e 5.—Chlordane Storage in Perirenal Fat of Rats on Diet 
Containing 0.032% Chlordane (CH) 


Males Females 
Days Days Days Days 
Rat on CH off CH Mg./100 Rat on CH off CH Mg./100 
No. Diet Diet Gm. Fat No. Diet Diet Gm. Fat 
0 1.43 0 9.93 
0 5.40 0 9.06 
0 5.42 0 8.66 
0 7.22 0 8.00 
0 1.96 0 18.77 
0 3.86 0 15.19 
0 3.78 0 18.73 
0 4.59 0 21.11 
5 3.15 
5 2.40 
10 2.80 
10 1.45 
20 1,62 
20 1.92 
0 8.24 
0 8.33 
0 6.89 
0 9.87 


the absorption spectra are given for chlordane per se, for chlordane added to fat, 
and for chlordane from the perirenal fat of rats (Curves 23, 34, and 79) on 0.032% 
chlordane diet for 410 days. From the data it is apparent that the values obtained 
are not all due to chlordane, and it is concluded from these and other data that 
other complexes, not chlordane but possibly degradation products of chlordane, are 
present or are being formed at variable rates. The data in Chart 2 are representa- 
tive of other data obtained. From the data in Table 5 and other, similar, data, it 
would appear that chlordane is rapidly stored in fat, either as such or as some degra- 
dation product, and its rate of mobilization and disappearance from adipose tissue 
is equally as rapid. 

F. Vapor To-xicity—The fate and length of survival of rats following single or multiple expo- 


sure to air passing through chlordane was determined in a manner similar to that previously 
described.1! Rats of different sex and age in groups of five were placed in the gassing chamber 


11. Ambrose, A. M.: Toxicological Studies of Compounds Investigated for Use as Inhibitors 
of Biological Processes: Toxicity of Vinyl Propionate, Arch. Indust. Hyg. & Occup. Med. 
2:582, 1950. 
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for varying lengths of time. Air was metered at a constant rate of approximately 69 liters per 
hour through the train containing undiluted chlordane. Rats were exposed eight hours each day 
for seven days without sign of intoxication. 


Three hundred liters of effluent air from the gassing chamber which was passed 
through diethanolamine-KOH reagent, used for the colorimetric determination of 
chlordane, gave no test for chlordane. Since no chlordane could be detected in the 
effluent air and since rats did not convulse when subjected to auditory stimulation, 
it was concluded that the chlordane under these experimental conditions was non- 
volatile and that the dangers of intoxication arising from the inhalation of air at 
25 C. passing over chlordane was negligible. Negative results were also obtained 
with a sample of “‘velsicol 1068,” kindly supplied by the Velsicol Corp., of Chicago. 
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Chart 2.—Absorption spectra of colored reaction products of chlordane: A, chlordane standard, 
0.4 mg.; B, chlordane standard, 0.4 mg., chromatographed; C, 0.13 mg. of chlordane added to 
perirenal fat and chromatographed ; 32 and 34, chlordane from the perirenal fat of female rats on 
0.032% chlordane diet for 410 days, and 79, chlordane from the perirenal fat of a male rat on 
0.032% chlordane diet for 410 days. All dilutions made up to 12.5 ml. for colorimetric measure- 
ments. 


In another series of experiments, 5% chlordane in ethyl alcohol was placed in a nebulizer of 
the type described by Main 12 which was attached to the gassing chamber containing five rats. 
On the first day the rats were exposed to the vapors for 60 minutes and on the second day for 
80 minutes; on the third day they were exposed twice—for 96 and 100 minutes, with a two-hour 
rest period between exposures. On the following day one rat was found dead. The remaining 
four rats were exposed continuously for 158 minutes. On removal from the chamber, one rat 
was found dead. On the fifth day three surviving rats were exposed twice—for 190 and 200 
minutes, with an hour interval between the two exposures. On the sixth day the rats were 


12. Main, R. J.: A Nebulizer for Inhalation Experiments, J. Indust. & Engin. Chem., Anal. 
Ed. 12:117, 1940. 
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exposed for 80 and 150 minutes, with an hour interval between exposure. On the seventh day 
the rats were exposed for 150 and 135 minutes, with an hour interval between exposure. After 
approximately 27 hours of total exposure, one rat died three days later. 


Throughout the course of exposure all the rats were narcotized. The narcosis 
was undoubtedly due to a combination of chlordane and alcohol rather than to 
alcohol alone, since rats exposed to alcohol vapors alone showed no symptoms of 
intoxication. These observations are in direct contrast to those of Lehman,’ who 
was unable to maintain pigeons in a room which was treated with chlordane, even 
after a thorough scrubbing with strong alkali and subsequent airing for several 
weeks, or those of Frings and O’Tousa,'* who exposed mice to air passing through 
chlordane. However, our observations are in agreement with the studies reported 
by Nickerson and Radeleff‘'* on pigeons and young chickens exposed continu- 
ously for 30 days to vapors arising from surfaces treated with 1,000 mg. of chlor- 
dane per square foot. 


G. Effect on Fecundity in Rats.—Perhaps the most sensitive method for the detection of the 
cumulative toxicity of a substance is the effect it will have not only on growth but also on 


TasL_e 6.—Summary on Pregnancy and Lactation Responses of Rats Receiving Basic Diet (B) 
or Diet Containing 0.032% Chlordane (CH) 


Seven Pairs of Rats on Chlordane Diet and Six Pairs on Basic Diet- 


Diet Litters 
Females Males Breeding Matings Cast Weaned 
CH CH CH 29 5 0 
B B B 12 ll 6 
CH B CH 6 4 0 
B CH CH 6 5 0 


progeny (conception, pregnancy, and lactation). Assuming the diet to which the toxic agent is 
added is adequate in all respects, any interference must be construed to be the result of stress 
induced by the toxicant ingested. In these studies we have purposely selected the diet containing 
the highest concentration of chlordane which supported good growth, although it might not be 
as good as the basic diet alone. 


Seven pairs of weanling male and female rats were placed on a diet containing 0.032% chlor- 
dane. At approximately 120 days of age these rats were mated. As controls, six pairs of weanling 
male and female rats receiving the basic diet alone were treated similarly. 

Originally it was planned to determine the effect of a 0.032% chlordane diet through several 
generations ; however, since no litters reached term from first-generation rats, the experimental 
procedure was redesigned The general design of the experiment, together with data on the 


number of times the rats were mated and the number of litters cast and weaned, is given in 
Table 6. 


From the data obtained, the following conclusions seem justified: (1) Chlordane 
in the diet of male and female rats from weaning appears to interfere with fertility, 
and (2) data obtained from the mating of female rats on the basic diet with male 
rats on the chlordane diet from weaning and the mating of female rats on the chlor- 


13. Frings, H., and O’Tousa, J. E.: Toxicity to Mice of Chlordane Vapor and Solutions 
Administered Cutaneously, Science 111:658, 1950. 

14. Nickerson, W. J., and Radeleff, R. D.: Effects of Inhalation of Chlordane Vapors upon 
Pigeons, Vet. Med. 46:184, 1951; Effects of Inhalation of Chlordane Vapors upon Young 
Chickens, ibid. 46:314 and 326, 1951. 
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dane diet from weaning with male rats on the basic diet indicate that chlordane 
interferes with both fertility and survival of the litters. We did not determine 
whether the effect on survival of the litters was due to an interference with lactation 
or to the presence of chlordane or other toxicant(s) arising from the metabolism 
of ingested chlordane in the diet of the dams which may have been eliminated in 
the milk in lethal or sublethal concentrations. These results suggest that chlordane 
at the dietary intake used in these studies is not completely harmless. During the 
mating and lactating periods, all rats except the controls were kept on the diet 
containing 0.032% chlordane. 

H. Pathology—(a) Gross Pathology: Not all rats used in these studies were 
subjected to either gross or microscopic pathological examination. However, ani- 
mals which appeared moribund or which had just died were autopsied. Rats 
autopsied immediately after death from a single oral dose of chlordane showed no 
effect that could be ascribed to chlordane. 

Surviving rats which received 15 sublethal oral doses of chlordane (Table 2) 
were autopsied 27 days after the last dose, and rats which received cutaneous appli- 
cations of chlordane in cottonseed oil or ethyl alcohol (Table 3), autopsied 7 to 14 
days after the last application, likewise showed no gross changes. Gross changes of 
organs of surviving rats on the diets containing varying concentrations of chlordane 
(Table 4) were not significantly different from those of rats on the basic diet alone, 
except for enlarged livers of both male and female rats receiving the three highest 
concentrations of chlordane in the diet (Table 4). 


(b) Microscopic Pathology : The total number of rats examined microscopically 
was 108. Routine sectioning included paraffin sections of thyroid, heart, lungs, 
liver, spleen, pancreas, adrenals, kidneys, small intestine, stomach, and reproductive 
organs stained with hematoxylin and eosin. Sections of the liver stained with 
Sudan IV were also made. 

In all the rats which received cutaneous applications of chlordane in cottonseed 
oil or ethyl alcohol, there were a large number of yellow droplets in the renal cor- 
tex tubular epithelium. In addition, there were many faintly yellow or colorless, 
rod-shaped, apparently crystalline structures in the cytoplasm of the cortical tubules, 
particularly in the outer layer. 

Rats which received sublethal oral doses of chlordane, 50 mg./kg. daily for 15 
days, were killed and autopsied 27 days after the last dose (Table 2). The only 
change of importance was in the liver cells, whose peculiar intracytoplasmic bodies 
were very numerous in all the animals. These bodies ranged in size from small 
ring-like structures, a few microns in diameter, to large rings or skeins of eosino- 
philic hyaline material of greater size than the nuclei of the cells which contained 
them. There was no evidence of cell necrosis and, judging from the appearance of 
the nuclei and nucleoli, the affected liver cells were not severely damaged. Under 
the phase microscope, the inclusions appeared darker than the surrounding cyto- 
plasm. In sections treated with salivary amylase and then with periodic acid fol- 
lowed by leucofuchsin, the bodies gave a variable, weakly positive staining reaction, 
more intense in the larger ones. There were rare “crystalline” structures in the 
renal epithelium and a moderate number of pigmented droplets. In rats which 
received smaller oral sublethal doses of chlordane, 25, 12.5, or 6.25 mg./kg. 
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(Table 2), the intracytoplasmic bodies in the liver cells were still present, but the 
number was smaller and in proportion to the dosage administered. 

The relation between the numbers of rod-shaped, crystalline structures and of 
faintly yellow droplets in the renal epithelium—particularly in the outer cortex— 
and the level or mode of administration of chlordane was not constant. The changes 
were most prominent in the kidneys of rats receiving cutaneous applications of 
chlordane in cottonseed oil, but they were seen as well in rats receiving cutaneous 
applications of chlordane in alcohol and to a smaller extent in rats receiving sub- 
lethal oral doses of chlordane. The liver cell inclusions were seen in rats receiving 
chlordane either cutaneous or orally, although they were more numerous in rats 
receiving chlordane orally. There was a rough positive correlation between the 
oral dosage received by each group of rats and the number and size of the inclusions. 
All other tissues examined appeared normal. 


(c) Histological and Cytological Findings: Histopathological study of tissue 
from male and female rats receiving the various levels of chlordane in the diet 
(Chart 1), for ease of discussion, will be described separately, according to sex. 

(1) Males. At the higher dosage levels, the liver cells and liver cell nuclei and 
nucleoli were conspicuously enlarged, the larger cells tending to be distributed peri- 
centrally. The mean volume of the liver cell nuclei, calculated from measurements '° 
on 400 randomly chosen nuclei from the liver of one rat on a diet containing 
0.032% chlordane, for example, was 377 yu’, while that of a control rat was 268 p*. 
These figures are representative of those obtained on other rats of the series. The 
cytoplasm of some of the liver cells appeared homogeneous and eosinophilic, and 
that of other liver cells appeared vacuolated in a manner suggestive of fat. The 
latter observation was confirmed in frozen sections of liver stained with Sudan IV. 
The fat was not abundant and was present only in a relatively small number of 
cells. No necrotic or obviously degenerating cells were present. Liver cells situ- 
ated around the centers of the lobules were more than normally larger than the 
periportal cells. The basophilic cytoplasmic clumps of these enlarged cells were 
generally clustered at the periphery of the cell cytoplasm. 

In four of five male rats on the diet containing 0.001% chlordane, the changes 
in the liver were equivocal ; in rats receiving 0.002% chlordane, no liver cell inclu- 
sions were seen, and they were infrequent in rats receiving 0.004% chlordane. In 
rats on diets containing 0.008% chlordane, the typical liver cell inclusions were 
abundant. Liver cell nuclear enlargement became obvious at this level. In rats 
receiving 0.016% chlordane, typical changes were present in all livers. (A large 
and typical inclusion in a cell in mitosis was present in one rat of this group.) In 
the kidneys of male rats on 0.008% chlordane diet, the proximal convoluted tubular 
cells contained variable amounts of coarse brownish yellow pigment which appeared 
to increase roughly in accord with an increase in the amount of chlordane in the diet. 
The nuclei of these cells were definitely enlarged. The amount of pigment in the 
proximal convoluted tubular epithelium was variable, but much more was present 


in rats on a diet containing 0.032% chlordane than in those receiving chlordane at 
the lower levels. 


15. Rather, L. J.: Experimental Alteration of Nuclear and Cytoplasmic Components of the 
Liver Cell with Thioacetamide: Early Onset and Reversibility of Volume Changes of the 
Nucleolus, Nucleus and Cytoplasm, Bull. Johns Hopkins Hosp. 88:38, 1951. 
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(2) Females. The histological and cytological changes in the livers of female 
rats differed from those in the livers of males in that fewer liver cell inclusions 
were observed, and these were found only at the higher dosage levels. Enlargement 
of the pericentral liver cells was more obvious. Pigment in the proximal tubular 
cells of the kidneys was more prominent in the females than in the males and 
increased roughly with the amount of chlordane in the diet. A similar pigment 
was also observed in the controls, however. Dosage levels at which changes became 
visible were as follows: At a level of 0.008% chlordane, the pericentral liver cells 
were slightly enlarged but no inclusions were seen; at a level of 0.016% chlordane, 
a few inclusions were seen in one rat on this diet. Inclusions were found in all 
female rats on a diet containing 0.032% chlordane. 


SUMMARY AND CONCLUSIONS 


Data are presented on the physiological effects of chlordane on rats by various 
routes of administration. 

1. The L.D.59 by oral administration of chlordane in cottonseed oil was approxi- 
mately 590 mg./kg. of body weight. In ethyl alcohol, the L.D.59 dose was slightly 
higher. Chlordane in either vehicle appeared to be slightly more toxic to male than 
to female rats. 

2. Daily oral doses of chlordane in cottonseed oil in amounts of 25 mg./kg.:or 
less for 15 days provoked no toxic symptoms. Daily oral doses in amounts of 
50 mg./kg. or more resulted in toxic symptoms and death. These observations 
suggest that chlordane is a cumulative poison and that its rate of elimination or 
detoxication is slower than its absorption. 

3. Cutaneous applications of chlordane in cottonseed oil in amounts of 50 
mg. per rat per day for three or four days, equivalent to approximately 217 mg./kg., 
were fatal in all rats tested. These observations suggest that chlordane is rapidly 
absorbed through the integument and that by this route it is more toxic than by daily 
oral administration of similar amounts. Chlordane in ethyl alcohol in equivalent 
amounts when applied cutaneously did not produce any toxic symptoms. : 

4. In male and female rats on diets containing 0.001 to 0.128% chlordane, the 
following effects were observed: Chlordane in concentrations of 0.064 and 0.128% 
increased mortality rate; definite retardation in growth was observed in both male 
and female rats receiving 0.032% chlordane; some suggestion of retardation in 
growth was apparent in male rats receiving 0.002, 0.004, and 0.016% chlordane; 
no effect was apparent in the growth of female rats receiving 0.016% or less 
chlordane and of male rats receiving 0.008% chlordane. 

5. Data from hematological studies made on experimental rats were not signifi- 
cantly different from those made on controls. 


6. Grossly, the chief alteration consisted of significant enlargement of the liver 
of both male and female rats on diets containing 0.008, 0.16, and 0.032% chlordane. 
Other organs, except the liver and kidneys of female rats receiving 0.001% chlor- 
dane and the kidneys of female rats receiving 0.002 and 0.008% chlordane, were 
not significantly increased in size. In the light of negative histopathological findings 
in these organs, the weight changes were not considered significant. 
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7. Storage of chlordane in the perirenal fat of rats on a diet containing 0.032% 
chlordane revealed the following pertinent facts: After 5 days on the diet there was 
appreciable storage of chlordane in fat; after 148 days on the diet storage was no 
greater than after 5 days. Withdrawal of chlordane from the diet for 5, 10, or 20 
days showed a progressive decrease in the amount of residual storage to almost 
complete disappearance after 20 days. Rats on the diet for 405 or 410 days showed 
greater increases in tissue storage than were observed after 5 or 148 days. The 
amount stored was greater in the perirenal fat of female rats than of male rats. 

8. Rats exposed to air passing through chlordane for 120 hours showed no evi- 
dence of intoxication. 

9, Chlordane in concentrations of 0.032% of the diet of rats from weaning 
appears to interfere with fertility and lactation. 

10. Histological changes in rats receiving chlordane cutaneously were of minor 
importance. 

11. In rats which had received sublethal oral doses of 50 mg./kg. daily for 15 
days and which were killed and autopsied 27 days after the last dose, the only 
change of importance was in the liver cells, whose intracytoplasmic bodies were 
numerous in all the animals. In rats which had received smaller sublethal oral 
doses (25, 12.5, or 6.25 mg./kg.), the intracytoplasmic bodies were still present but 
in smaller number and in proportion to the dosage administered. 

12. The microscopic alterations in the liver of rats receiving various levels of 
chlordane in the diet for some 407 days were as follows: Liver cells and liver cell 
nuclei and nucleoli were significantly enlarged in both male and female rats on diets 
containing 0.008, 0.016, and 0.032% chlordane. 

13. Inclusions in the liver cells were not seen in male rats on diets containing 
0.001 and 0.002% chlordane and in female rats on diets containing 0.008% chlor- 
dane or less. However, in male rats occasional liver cells inclusions were seen in 
those receiving 0.004% chlordane; in those receiving 0.008% chlordane and above 
the inclusions were more numerous. In female rats on diets containing 0.016% 
chlordane, a few inclusions were seen in one rat, and in those on diets containing 
0.032% chlordane, inclusions were found in all rats. 

14. No necrotic or degenerating cells were present. 


15. Other organs and tissues showed no changes that could. be ascribed to 
chlordane. 


EVALUATION OF LONG-TERM RADIATION EXPOSURES 


DUNCAN A. HOLADAY, M.A. 
SALT LAKE CITY 


HE SUBJECT of radiation—what is meant by the word, where radiation 

comes from, what it does, why it does it, why you should be interested in it, 
why you should not be interested in it, and all other possible angles of discussion— 
has been discussed exhaustively and exhaustingly for the past seven years. Every- 
one, from the nuclear physicist to the students of Nostradamus, has been willing to 
enlighten the public on some phase of radiation. 


Therefore, it requires bravery 
to prepare still another paper on this subject. 


This article presents some data on the biological significance of small doses of 
radiation, both to the individual person and to the general population, points out 
some of the sources of radiation to which an average person may be exposed, and 
suggests several items with which health departments might be concerned. 

First, we all should have a clear concept of the meaning of the term “maximum 
permissible dose” and the reasoning that is used in setting up such values. The 
Subcommittee on Internal Radiation of the National Committee on Radiation 
Protection’ has stated that most of the harmful effects of radiation are usually 
considered to result only after a certain minimum threshold dose of ionizing 
radiation has been exceeded. Presumably any tissue damage from amounts of 
radiation doses less than this threshold is repaired as fast as it occurs. At present 
it is believed that for certain effects, such as radiation-induced mutations and 
shortening of the life span, there is no lower threshold. As the levels of radiation 
exposure are lowered, the latter effects should be minimized and become of less 
concern. This pattern of biological effects caused by ionizing radiation indicates 
the possibility of setting up reasonably safe maximum permissible levels of exposure. 
Such levels are considered not to produce any consequential or detectable damage. 
Usually, the figures given in tables of maximum permissible concentrations are for 
exposures of eight hours a day for a period of 10,000 days. Dose levels for acute 


exposures or for continuous 24-hour exposures should be clearly identified, though 
this is not always done. 


An excellent discussion of the effects of ionizing radiation by Plough? is the 
source of much of the material in this section. 


The immediate biological results 
This paper was presented before the Industrial Hygiene Session of the American Public 
Health Association, Cleveland, Oct. 21, 1952. 


1. Maximum Permissible Amounts of Radioisotopes in the Human Body and Maximum 
Permissible Concentrations in Air and Water, Handbook 52, U. S. Department of Commerce, 
National Bureau of Standards, to be published. 


2. Plough, H. H.: Radiation Tolerances and Genetic Effects, Nucleonics 10:16, 1952. 
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of acute exposure to relatively large doses of radiation have been so thoroughly 
described in such treatises as “The Effects of Atomic Weapons” that it is not 
necessary to repeat them here. Some of the long-delayed results of a single exposure 
to large doses have been described only recently. These include the following: 
radiation cataracts, greater frequency of leukemia, and perhaps an increased inci- 
dence of cancer. Chronic or fractional exposures of parts of the body may eventu- 
ally result in the appearance of these delayed effects, as suggested by the study by 
Henshaw * of the incidence of leukemia in physicians. The possibility that exposures 
to small amounts of radiation may cause any of these effects to appear will be of 
greater or less importance to any particular person, depending upon his attitude 
toward taking personal risks. 

Let us put aside the individual person for the moment and consider the race 
as a whole. Muller * has calculated that the human race is in such a precise balance 
with respect to the heterozygous genes which enable defectives to be produced 
that an increase of even 25% in the over-all mutation rate would over a long period 
produce an inevitable and progressive decline of the human population. Since it 
is impossible to verify such calculations experimentally for humans, other workers 
have utilized other species, such as the fruit fly of the genus Drosophila. Wallace ° 
has shown that Drosophila populations exposed to a lifetime dose of about 300 
roentgens (r) adapt to this dosage by stringent selection. Thus, by killing off 
many less resistant lines during the earlier generations, a population of fruit flies 
is preserved that exhibits hybrid vigor. It appears then that fly populations have 
a considerable margin of safety under radiation exposure. However, the cost in 
elimination of individual fruit flies is heavy by human standards. 

Humans are more sensitive to radiation than most other animals; so it is 
possible that a marked reduction in numbers in any single area might nullify the 
operation of selection, and the affected population might continue to dwindle. How- 
ever, Plough concludes that the human race has outlived many catastrophies, and 
it is unlikely that its survival would be seriously threatened by widespread radia- 
tion exposure from either diagnostic procedures or atomic warfare. 

With this brief discussion of the possible effects of radiation on the population 
as a whole, let us return to the subject of the individual components of the popula- 
tion, a subject which will probably be of more immediate interest to most of us. 
In this section, we shall consider only the effects of low levels of radiation. 

Since the studies by Muller,* it has been known that radiation induces inheritable 
changes, or mutations, in animals. Mutations are transmissible variations in a 
characteristic, and the slightest detectable changes would be included in studies 
such as those of Muller. In contrast to most radiation effects which indicate that 
small radiation doses are not additive, genetic studies indicate that fractional irradia- 
tion doses have a cumulative mutagenic effect. Tests with fruit flies and with mice 
show that approximately the same mutation rates are produced whether the 


3. Henshaw, P. S., and Hawkins, J. W.: Incidence of Leukemia in Physicians, J. Nat. 
Cancer Inst. 4:339, 1944. 


4. Muller, H. J.: Our Load of Mutations, Am. J. Human Genet. 2:111, 1950. 

5. Wallace, B., and King, J. C.: Genetic Changes in Populations Under Irradiation, Am. 
Naturalist 85:209, 1951. 

6. Muller, H. J., in Symposium on Radiobiology: The Basic Aspects of Radiation Effects 
on Living Systems, edited by J. J. Nickson, New York, John Wiley & Sons, 1952, Chap. 17. 
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exposure is a single dose or an accumulation of small doses. The existence of 
this cumulative action is all-important in assessing the genetic effect of radiation 
exposures. 

As a first step in evaluating the importance of radiation-induced mutations, 
several authorities have calculated the spontaneous human mutation rate. Perhaps 
as good an estimate as any is that by Wright.’ His assumptions lead to the con- 
clusion that about 1 out of every 100 persons will carry a new mutation as a 
consequence of normal genetic processes. 

The natural cosmic ray background radiation, which is at least 0.1 r per year, 
could account for a small part of the spontaneous mutations, but in man it accounts 
for not more than 4%. For Drosophila, the data summarized by Plough indicate 
that the mutation rate would be doubled by an exposure to 33 r. Muller ® has 
recently revised the Drosophila figures upward, but this will not affect the general 
comparisons. 

Data obtained by Russell * in his genetic studies on mice allow comparison with 
the Drosophila figures and more realistic estimations of the mutagenic effects of 
irradiation in man. His results indicaté that every mouse which has one parent 
whose germ cells were exposed to 200 r will carry one new mutation. Therefore, 
the dosage required to double the spontaneous mutation rate in mice will be 
about 30 r. 

To translate these results from mice to man requires a few more assumptions, 
but it has been calculated that the radiation dose required to double the spontane- 
ous human mutation rate is somewhere between 30 and 80 r. As Plough points 
out, this figure is of no importance except to indicate the order of magnitude of the 
genetic effect of radiation. He concludes that the available experimental data sug- 
gest that the offspring of a human being whose germ cells have received a total 
dose of between 30 and 80 r may be expected to show a 100% increase over the 
mutations which will appear anyway. As stated above, the spontaneous mutation 
rate calculated by Wright implies that 1 out of every 100 persons will normally carry 
a new mutation. The hazard of even a slight increase in the number of deficient 
offspring is one that is worthy of serious consideration by every person whose 
germ cells are exposed to radiation. Plough’s summation is that we cannot con- 
template with equanimity an increase in the number of defectives. 

The last conclusion is one with which all of us would agree. As previously 
pointed out, the survival of the race as a whole is not likely to be influenced by 
widespread irradiation, but the effect on individual persons will be quite important. 

We are confronted with a lamentable lack of comprehensive information on the 
possible sources of radiation exposures to man and the magnitude of these expos- 


7. Wright, S.: Discussion on Population Genetics and Radiation, J. Cell. & Comp. Physiol. 
(Supp. 1) 35:187, 1950. 


8. Russell, W. L.: X-Ray Induced Mutations in Mice, Cold Spring Harbor Symposium, 
Quant. Biol. 16:327, 1951; Oak Ridge National Laboratory Quarterly Progress Report, Nov. 
10, 1951, written for the U. S. Atomic Energy Commission, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., 1951, p. 55; in Symposium on Radiobiology: The Basic Aspects of Radiation 


Effects on Living Systems, edited by J. J. Nickson, New York, John Wiley & Sons, Inc., 1952, 
Chap. 22. 
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ures. Therefore, we shall probably end by leaping from insufficient data to unwar- 
ranted conclusions, but it should be possible to make some educated guesses that 
will assist us in evaluating radiation exposures. 


One universal exposure to radiation is that due to cosmic ray background. This 
has been estimated to be at least 0.1 r per year and is an exposure that we cannot 
escape as long as we are confined to our particular universe. 


Additional natural sources of radiation are created by the small amounts of radio- 
active elements which are distributed in water, soil, and air. An investigation by 
Hursh and Gates ® showed that the average radium content of those persons with 
no occupational exposure was about 1 X 107'° gm. If this amount of radium 
were evenly distributed (which it is not) throughout the skeleton, it would deliver 
a radiation dose of about 0.8 rep per year to the bone structure. 


Radon and its daughter products are present in the air and are constantly being 
inhaled. While the concentrations of these elements vary widely, it can be calcu- 
lated that the bronchial passages of the lungs may receive something more than 
1 rep per year from this source. Interestingly enough, it appears that the lungs nor- 
mally receive the highest radiation dose of any body organ. 


Industry is constantly increasing its use of x-ray machines and radioactive 
materials, and so the group of potentially exposed workers is being enlarged. Such 
installations can be designed and controlled so that no one need receive more than 
the maximum permissible dose. At 0.3 r per week this level would result in an 
exposure of 15.6 r per year. Workers in carefully monitored installations receive 
total exposures far less than this. 


Several investigators have studied the average radiation doses from common 
diagnostic procedures used by radiologists.1° Some of these values are as follows: 
chest, large x-ray, 0.1 r; chest, photofluoroscopic observation, 1.0 r; pregnancy, 
lateral examination, 9 r; gastrointestinal series, 4.0 to 50 r; average dental film, 
5 r, and fluoroscopic examination, 10 to 20 r per minute. Some examinations, 
particularly fluoroscopic, run much higher than these figures, depending on the 
equipment and procedure used. For a complete discussion of this subject, the ref- 
erences listed should be studied. It must be remembered that these exposures are 
to limited parts of the body and cannot be compared directly with maximum per- 
missible doses based on whole-body exposures. 


In addition to the above radiation sources, we still encounter a few instances 
of the use of radiation for such trivial purposes as the removal of unwanted hair. 
I am not aware of any recent studies of radiation doses from such equipment, but 
the exposures are undoubtedly high. Obviously, if enough radiation is delivered 


to hair follicles to destroy their function, permanent damage is done to neighbor- 
ing tissue. 


9. Hursh, J. B., and Gates, A. A.: Body Radium Content of Individuals with No Known 
Occupational Exposure, Nucleonics 7:46, 1950. 

10. Handloser, J. S., and Love, R. A.: Radiation Doses from Diagnostic X-Ray Studies, 
Radiology 57:252, 1951. Miller, R. S.: Some Potential Hazards in the Widespread Use of 


Roentgen Rays in Pediatrics, Project Report 191, University of Rochester and U. S. Atomic 
Energy Commission, 1952. 
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The diagnostic procedure figures make interesting reading compared with those 
quoted in the first part of this paper, from which it was calculated that a lifetime 
radiation dose of from 30 to 80 r would double the spontaneous mutation rate. It 
seems that some of our population may have a fair chance of receiving such a dose. 

The data which have been assembled on radiation exposures and their possible 
effects deserve thoughtful consideration by all public health groups. The geneti- 
cists who have studied this subject have spoken out in plain words, and their 
opinion should be given more than passing attention. 

Health departments are responsible for the well-being of the people, and mem- 
bers of such departments should consider the implications from the information 
given in this paper and what effects such information might have on their activities. 
What is the real importance of this potential health problem compared with the 
many other fields of public health in which these officials must also work? Should 
they attempt to see that all industrial and medical radiation sources are periodically 
surveyed and that proper records are maintained of the exposures of personnel ? 
Would it be desirable to set up controls over the distribution and use of natural 
radioactive elements, such as are exercised by the Atomic Energy Commission over 
the artificial materials produced? Plough suggests that every person should carry 
a record of his x-ray exposures from which a physician could always determine the 
total dosage he has received. Is such a universal personal record necessary? If 
not, what measures are indicated? 

Some conclusions are readily apparent, of which the most striking one is the 
almost complete lack of knowledge of the sources of radiation exposure. If a per- 
son is an industrial worker, it is possible that his occupational exposure is known 
and recorded. However, the chances are certainly against anyone’s knowing what 
dose he may have received from diagnostic procedures, and the total background 
radiation from all sources is almost certainly unknown. No health department 
would be content if it were similarly uninformed about the quality of the water 
supplies in its areas. 

Just what are the radiation sources in any particular area, and where are they 
located? Are all the x-ray machines situated in hospitals, in the offices of phy- 
sicians and dentists, and in industrial establishments? How about the quarters of 
veterinarians, for example? Who checks these x-ray machines and sees that they 
are properly safeguarded? Is any effort made to measure and record the exposures 
of the people who use these machines? Where has the 600 gm. of radium that was 
made into luminous paint in the last 10 years come to rest? After World War II 
some enterprising surplus dealers disposed of large amounts of self-luminous tape. 
What about the articles made from this tape, which made interesting souvenirs for 
children of all ages and were readily sold? 

Some state and local health departments can answer most of these questions, 
and all should be able to do so. All health departments should also have adequate 
information on the amounts of natural radioactive elements that are present in air 
and water in their communities. It would be very interesting to know what levels 
of radon are normally present and how atmospheric conditions affect these concen- 
trations. As pointed out by the Detroit industrial hygiene group, atmospheric 
inversions can change the concentrations of radioactive materials drastically. Data 
also indicate that the radium content of water is affected by treatment schedules. 


; 

| 

t 


216 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Again, information on the concentration of radioactive material in source and tap 
water would be useful. Some of the data will require effort to obtain, but it is not 
an impossible task. 

The methods of evaluating exposures to radiation are well known and are 
reasonably reliable. Special techniques are required to measure the radioactivity 
of air and water, but the equipment for doing this work is available from the United 
States Public Health Service and from several universities. The total exposure 
from medical and dental uses of x-rays would have to be estimated by studying the 
medical and dental records of a sufficient number of persons, but it should be possi- 
ble to make an order of magnitude guess on this subject. The barriers to deter- 
mining the radiation doses received from the environment in which people live and 
work do not appear to be insurmountable. 

The results of such a study would indicate whether there now is any appreciable 
number of persons exposed to radiation in biologically significant amounts and how 
much of an increase in radiation would be required to reach such a level. It also 
would permit the responsible agencies to make reasonable plans for their future 
programs in this field. Without base line information of this type, it is extremely 
difficult to chart any course. 

If such a study did reveal the existence of a number of persons who had been 
or would be exposed to possibly significant amounts of radiation, the logical next 
step would be to see if biological damage did occur. If a statistically valid number 
of persons could be studied over a number of years, we could unravel some very 
perplexing problems. All of us would be happier to have more data for use in 
establishing maximum permissible dose levels, and any information on the genetic 
effects of radiation in humans would be a valuable addition to our present store 
of knowledge on the subject. 

In summary, the salient points of this problem are as follows: 

Our best available information shows that for many of the biological effects of 
radiation there is a threshold dose below which no permanent damage will occur. 
For certain effects, such as the production of mutations, shortening of the life span, 
and possibly carcinogenesis, there is no lower threshold. 

Animal experiments and such data as we have on humans indicate that moderate 
radiation doses will increase the normal mutation rate. Furthermore, for this par- 
ticular effect all radiation exposures are additive. 

Calculations of radiation doses from various sources, such as the industrial and 
medical use of radiation, indicate that it is possible for an average person to be 
exposed to biologically significant amounts of radiation. 

In these circumstances, it would be advisable for all health departments to 
obtain data on the location of sources of radiation in their areas, on the levels of 
radioactivity in air and water, and on control and protective measures employed. 
Such base line information would permit an intelligent appraisal of the extent of the 
present and future problems that may be created by the use of radiation and would 
permit the responsible agencies to determine what their course of action should be. 
Any time spent in accumulating these data would be well invested. Questions 
involving determinable facts cannot be decided by disputation, after the manner of 
Aristotle, but can be decided by unearthing the pertinent data and logically analyz- 
ing the facts. 


Occupational Health Field Station, United States Public Health Service, Salt Lake City. 
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AGENTS DIMINISHING SKELETAL ACCUMULATION OF LEAD 
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NUMBER of radioactive elements, as well as many of the radioactive prod- 
ucts of nuclear fission, are serious hazards to health by virtue of their “bone- 
seeking” propensities. This report presents further results of the search for chemical 
agents which might be useful in the clinical management of poisoning by elements 
which accumulate in the skeleton. A previous paper * disclosed a number of reason- 
ably nontoxic, readily available agents which when swallowed soon after the 
ingestion of strontium diminished the quantity of that element which reached the 
skeleton and was deposited therein. The intent of the present work was to discover 
agents suitable for intravenous administration which might minimize the skeletal 
accumulation of dangerous cations which had gained entry to the general blood 
circulation after accidental ingestion, inhalation, or wound contamination. In view 
of the proposed stockpiling of huge quantities of so-called plasma substitutes or 
extenders for use in national emergencies, it seemed desirable to assay these 
materials also for their adaptability to our purpose. 


Lead was chosen as the cation to represent the bone-seeking elements in the 
screening program. The most effective agents uncovered by this experiment are 
being more thoroughly investigated for their value in reducing the accumulation 
of bone-seeking radioisotopes. 


MATERIALS AND METHOD 


Young male white rats were segregated into 11 groups of 25 each. Ten rats from a group 
each received an intravenous injection of lead, followed one-half hour later by a similar injection 
of therapeutic agent. Another 10 animals received the agent first, followed one-half hour later 
by lead. The remaining five animals served as controls, receiving lead but no agent. The 
mean weight of all animals was 78 gm., with a range of 40 to 145 gm. The Pb** dosage was 
25 mg. per kilogram of body weight, administered as an aqueous solution of lead acetate 
containing 5 mg. of Pb** per milliliter. The dosages of the various agents are listed in the 


From the Atomic Energy Project, University of California Medical School at Los Angeles. 
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the Atomic Energy Commission and the University of California at Los Angeles. 
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Chemical Agents Tested in Ashed Tissues 


Name 


Ethylenediaminetetra- 
acetic acid tetraso- 
dium salt 

PVM-MA 


Casein hydrolysate, 
R-7 


Pectin 
Glucuronolactone 
GA-PVP-101 
Oxypolygelatin, R-8 


Dextran 
Sodium thiosulfate 


PVP-I 


“Krilium” 


Dose * 


2 ml. given before Pb 
1 ml. given after Pb 


2 ml. of 3% water sol. 


1 ml. of water sol. 


3 ml. of 1.5% saline 
sol. 


250 mg. in 1 ml. of 
saline sol. 


2 mi. of 3.5% saline 
sol 


2 mi. of 6% water sol. 
2 ml. of 6% water sol. 


2 mi. of water sol. 


2 mi. of 3.5% saline 
sol. 


20 mg. per 100 gm. of 
body weight 


Comments 


Each ml. of water sol. contained 
195 mg. of the salt and 73 mg. 
of CaCle-2H20 


Copolymer of methylvinyl ether 
and maleic anhydride 


Solution contained 4.3% amino 
acids, 0.005% thiamine, and 
0.05% nicotinamide 


Polyvinylpyrrolidone of lower 
poy molecular weight than 
ot 


Also contained 0.01% riboflavin 


Solution contained 17 mg. of 
S2Os per ml. 


Polyvinylpyrrolidone—imported 
Composite Lot I 


Each ml. of water sol. con- 
tained 30 mg. of a sodium 
salt of hydrolyzed polyacrylo- 
rae (“krilium”) and 0.06 mg. 
of Ca*+ 


* “Saline solution” signifies a solution of the agent in 0.9% sodium chloride. Thus, a 3.5% saline solution 
of PVP-I means 3.5 gm. dissolved in 100 ml. of water which also contains 0.9 gm. of NaCl. 
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AGENT TESTED 


Pb 


IN. FEMUR ASH (pp.m.) 


_ Lead in femur ash. Each black circle represents the mean of values for a given agent and 
its corresponding bar represents the control mean plus or minus the standard deviation of the 
difference between the control mean and the mean for the agent. 
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Table. The animals were killed one day after the injections; the femurs and livers were 
removed and ashed at 600 C. for 10 hours. The ashed tissues were then analyzed for Pb 
by a polarographic technique which has been described previously. The 11 agents investigated 
are given in the Table. The diagram presents the results of the analyses of ashed femurs from 
rats which received the agents after they had received the lead. Each individual agent may 
be identified by observing the number assigned to it in the diagram and then seeking that 
number in the first column of the Table. Each dot represents the mean lead content found in 
the ash of the femurs of the 10 animals tested with that agent. Each bar in the diagram 
represents the control mean plus or minus the standard deviation of the difference between the 
mean for the agent and the control mean. This computation was discussed more fully in an 
earlier report.2 The control mean was obtained by pooling the values for all 55 control 
animals. If for a given agent the dot lies outside the range of its corresponding bar, the 
chances are at least 70 out of 100 (P = 0.30) that the difference from the control mean is not 
fortuitous but of real significance. If the circle is more than two standard deviations removed 


from the control mean, then the chances that the difference is significant are at least 95 out of 
100 (P = 0.05). 


COMMENT 


All the agents excepting GA-PVP-101 and PVP-I significantly decreased the 
lead content of both the femurs and the livers when the agent was given one-half 
hour prior to the administration of lead. From the viewpoint of therapeutic useful- 
ness, these results are of little value, except perhaps to indicate that the materials 
may still be circulating in the blood one-half hour after their injection. 

When administered one-half hour after the lead had been injected, seven of the 
agents appeared to lower the lead content of the femurs significantly (P = 0.30), 
and four of these were very definitely effective (P —0.05). The materials of 
greatest efficacy were the following: the salt of ethylenediaminetetraacetic acid, 
casein hydrolysate, pectin, and PVM-MA. The latter material was seriously toxic, 
however, and therefore will not be considered for further study. Glucuronolactone, 
oxypolygelatin, and GA-PVP-101 also showed sufficient promise to merit evalua- 
tion for human usage. 

Whether the decreased accumulation of lead in the bone reflects increased excre- 
tion or increased retention elsewhere in the body, e. g., the reticuloendothelial 
system, cannot be determined from the present data. However, the trend in the 
case of the livers was also toward diminution of the lead burden after treatment 
with chemical agents. 

It should be pointed out that the agents were tested at a very high concentration 
of Pb** compared with the actual weight of a radioisotope which might enter the 
blood and become a hazard. Though the radioactivity might be of a lethal magni- 
tude, the total weight of the deposited isotope would be small. Therefore, evaluation 
of the agents for possible use in radioisotope poisoning is now being pursued with 
much lower weights of the injected metal ion. 


SUMMARY 
A search for readily available chemical agents suitable for intravenous adminis- 
tration which might be of use in the therapy of poisoning by metals which accumu- 
late in bone was carried out. Young rats received intravenous injections of lead 


3. MacDonald, N. S.; Ezmirlian, F.; Spain, P., and McArthur, C.: The Ultimate Site of 
Skeletal Deposition of Strontium and Lead, J. Biol. Chem. 189:387 (March) 1951. 

4. Fisher, R. A.: Statistical Methods for Research Workers, New York, Hafner Publishing 
Company, Inc., 1948. 
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acetate, followed one-half hour later by an injection of the chemical agent. After 
one day, the femurs and livers of the killed animais were removed and ashed and 
analyzed for lead. The same chemical agents were also tested by administration 
one-half hour before the rats received the lead injection. 


The materials tested were the tetrasodium salt of ethylenediaminetetraacetic 
acid, casein hydrolysate, pectin, a copolymer of methylvinyl ether and maleic anhy- 
dride, glucuronolactone, oxypolygelatin, polyvinylpyrrolidone, dextran, sodium 
thiosulfate, and a hydrolyzed polyacrylonitrile. The first four agents significantly 
reduced the bone burden of lead and the first seven agents showed enough promise 
to merit detailed clinical evaluation for human usage. The liver burden of lead also 
tended to decrease in those animals in which the bone burden was lowered. 

Samples of the chemical agents tested were supplied by the following companies: General 
Aniline and Film Corporation (PVP—Composite Lot I, GA-PVP-101, and PVM-MA); Mon- 


santo Chemical Company (“krilium”); Don Baxter, Inc. (oxypolygelatin, R-8, and casein 
hydrolysate, R-7), and Cutter Laboratories (pectin sol and dextran). 
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ERTAIN scales or indices for assessing the effects on man of various heat 
stress factors have been put forward and have gained acceptance to a greater 

or less degree. Hill’s wet katatherometer' is in general use in South African 
gold mines. The effective temperature scale * is widely employed in North America. 
Recently a new index for “assessing the physiological effects of any combination 
of temperature, humidity, radiation, and wind velocity at different levels of activity 
and wearing different types of clothing,” the predicted four-hour sweat rate index, 
has been put forward for use by the Navy of Great Britain.’ The first two indices 


take account of only heat stress due to environmental factors, temperature, humidity, 
wind velocity, and radiation, whereas the third index includes heat stress due to 
metabolic work and clothing. 


An opportunity to test the usefulness of these indices for predicting the effects 
of heat stress on trained and acclimatized African laborers presented itself recently. 
Investigations were carried out to establish the relationships between physiological 
responses and working efficiency of acclimatized laborers, on the one hand, and 
three heat stress factors, namely, saturated air temperatures between 82 and 96 F., 
wind velocities of 50 ft. (15.24 m.) to 400 ft. (121.9 m.) per minute, and two rates 
of metabolic work, on the other hand.‘ 


From the South African Institute for Medical Research. 


1. Hill, L.; Griffith, O. W., and Flack, M.: The Measurement of the Rate of Heat-Loss 
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2. Houghten, F. C., and Yaglou, C. P.: Determination of the Comfort Zone, J. Am. Soc. 
Heat. & Vent. Engin. 29:163, 1923. 

3. McArdle, B.; Dunham, W.; Holling, H. E.; Ladell, W. S. S.; Scott, J. W.; Thomson, 
M. L., and Weiner, J. S.: The Prediction of the Physiological Effects of Warm and Hot 
Environments, Medical Research Council, Report to the Royal Naval Personnel Research 
Committee 47/391, London, His Majesty’s Stationery Office, 1947, p. 194. 

4. (a) Wyndham, C. H.; Bouwer, W. v. d. M.; Devine, M. G., and Paterson, H. F.: 
Physiological Responses of African Labourers at Various Air Temperatures, Wind Velocities 
and Rates of Work, J. Appl. Physiol., to be published; (b) Working Efficiency of Africans in 
Heat: Effect of Various Saturated Air Temperatures, Wind Velocities, and Rates of Work, 
A. M. A. Arch. Indust. Hyg., this issue, p. 234. 
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EXPERIMENTAL METHODS 


Daily Routine-—The experimental routine adopted to obtain data on physiological responses 
was precisely similar to that used by the unit of the Medical Research Council in Britain.§ 
The reason for the employment of this particular routine was partly for the sake of a convenient 
comparison between the responses of these non-Europeans and those of Europeans. Also, there 
was no information available on the rate at which non-European mine laborers expend energy 
at their various tasks. Hence, it was not possible to model these investigations on the actual 
rates of work of the mine laborers. 

Each experiment in the hot room lasted four hours. This period was divided between rest 
and work in the following manner: 10 minutes of initial rest, followed by 30 minutes of work 
alternating with 30 minutes of rest for the next three hours, and finally 60 minutes of rest 
followed by 20 minutes of work. Physical work consisted of stepping up and down onto a 
stool 1 ft. in height, at a rate of 12 cycles of movement per minute in most experiments. 
The amount of metabolic energy expended in doing such work was measured directly by one 
of the standard procedures, the “open method,” and was 150 kg.-cal./m.2/hr. In these experi- 
ments work and rest alternated, and the mean rate of energy expenditure was therefore 100 
kg.-cal./m.2/hr. In one experiment, at each temperature condition the men worked at twice 
the above rate of step climbing. The mean rate of energy expenditure in these latter tasks 
was 150 kg.-cal./m.2/hr. 

At the end of every four-hour experiment, each laborer performed once on an arm ergometer 
to test working efficiency. The arm ergometer was merely a convenient apparatus for standardiz- 
ing the work and for scoring the number of times a weight of 15 lb. (6.8 kg.) can be raised 
and lowered a distance of 3 ft. (91.4 cm.). The test consisted of raising and lowering the 
weight as fast as possible until the laborer was exhausted. Exhaustion was judged to have 
been reached when the man was unable to lift the weight from the ground. Care was exercised 
to keep the motivation of the laborers at a high level throughout the series of tests. The 


methods used were as follows: Firstly, the laborers were vigorously exhorted to put in their 
best efforts; secondly, the score attained was indicated to them, and finally, the two tribal 
groups of tropical and nontropical laborers competed on a weekly basis for a small prize of 
sweets. 


Program of Investigations—Eight African mine laborers, the experimental subjects, were 
tested on five days of each week. The routine of rest and work on each day has been outlined 
above. The environmental conditions during the investigations were as follows: 

(a) Training: Sixteen days of training were spread over four weeks in a room at the 
surface of the mine. The average dry bulb temperature was approximately 70 F., and the 
wind velocity was nil. 

(b) Acclimatization: Twenty-three days of acclimatization were spread over four and one- 
half weeks at 91 F., and the wind velocity was between 100 ft. (30.48 m.) and 150 ft. (45.7 m.) 
per minute. Sixteen days of this period were spent in a cross cut at 35-ft. (10.66 m.) in 
level No. 1 shaft of the City Deep gold mine of the Central Mining/Rand Mines, Ltd. Environ- 
mental conditions were less constant here than in the improvised experimental room; for 
example, the wet bulb temperatures varied between 90.7 and 91.5 F. The remainder of the time 
was spent in the experimental room referred to later, and here conditions were relatively more 
constant. 

(c) Various Environments and Work Rates: Forty days of experiments at various environ- 
mental conditions were spread over seven weeks. During each of these seven weeks, the 
Mondays were spent at 91 F. saturated air temperature and a wind velocity of 100 ft./min., 
i. e., a repeat of the acclimatization conditions. This was done to have a check on the extent 
to which the laborers retained the state of adjustment to heat which they had achieved by 
the end of acclimatization. 
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The remaining four days of each week were spent at a single saturated air temperature 
but at different wind velocities and rates of energy expenditure on each day. Thus, three days 
were spent at the lower rate of energy expenditure, 400 British thermal units (B. T. U’s) 
or 100 kg.-cal.; one day of the three was spent at each of the three wind velocities, 50, 150, 
and 400 ft./min. The fourth day was spent at the higher rate of energy expenditure, 600 
B. T. U’s (150 kg.-cal./m.2/hr., at a wind velocity of 150 wt./min. The order in which these 
four conditions were investigated was randomized, except the highest temperature investigated, 
i. e., 96 F. This latter fact has influenced the heart rate response at 96 F. and will be discussed 
further in the appropriate section. Four days of each of the seven weeks of these studies were, 
therefore, spent in the following saturated air temperature conditions: 90, 92, 88, 96, 86, 94, and 
84 F. (These are given in the randomized order in which the experiments were carried out.) 


OBSERVATIONS 


(a) Heart rate was measured in the standing position in beats per minute. Measurements 
were made at the beginning of each experiment and again after each period of work. The data 
in “Results” were therefore the mean of 32 observations. Heart rates were measured over a 
period of 15 seconds and at the higher rates were measured over the apex beat of the heart. 

(b) Rectal temperature (Farenheit) was measured at the same time as heart rate. It will 
be referred to as “body temperature” in this paper. 

(c) Sweat rate during each four-hour experiment was determined from the algebraic sum 
of the change in nude weight of the laborers, the weight of fluid taken in, and the weight of 
urine passed. Water was allowed to the laborers as their thirst dictated. 

(d) Ergometer score was determined at the end of each experiment and was expressed as 
arbitrary units. 

Rectal temperatures were determined on thermometers calibrated by the National Physical 
Laboratory (South Africa) and were accurate to 0.1 degree F. No difficulty was experienced 
in training the men to insert the thermometers, but a constant check was made to ensure that 
they were inserted to the requisite depth.» This factor has been shown to be of importance. 

Weighings were made on a lever type of balance which was calibrated by the National 
Bureau of Standards (South Africa) and was accurate to 90 gm. 

Room temperatures were measured by means of whirling hygrometers and thermometers 
calibrated by the National Physical Laboratory (South Africa) and were accurate to 0.1 
degree F. Room temperatures were taken in two positions, before and behind the men. These 
measurements were repeated every 10 to 15 minutes during the experiments, and the values 
given are a mean of 40 to 48 observations. Wind velocity was measured in eight positions, with 
calibrated vane anemometers in front of, behind, and amongst the men. Wet kata cooling powers 
were determined in the same positions. 

The scale or index values of the various heat stress conditions were determined from the 
sweat-rate index nomograms,® from the effective temperature nomograms,? and from experi- 
mentally determined wet kata cooling powers. Standard wet katas calibrated by the Transvaal 
Chamber of Mines Research Laboratories were employed.® 

Experiments were carried out in an improvised experimental room, 6,000 ft. (1,828 m.) below 
the surface, in City Deep gold mine. 

Four of the laborers came from a tropical region, Tanganyika, and four from nontropical 
areas of South Africa. At the commencement of the investigation they were raw recruits and 
had never been underground. Table 1 gives their height, weight, and surface area data. 


5. Mead, J., and Bonmarito, C. J.: Reliability of Rectal Temperatures as Index of Internal 
Body Temperature, J. Appl. Physiol. 2:97, 1949. 


6. In Quality of Mine Air, Transvaal Chamber of Mines, Johannesburg, 1947. 
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RESULTS 


Comparison of the Three Indices (Chart 1).—1. At each wind velocity, the 
values of wet katas and effective temperatures have a linear relationship with 
saturated air temperatures between 82 and 96 F. For the same conditions, the 
sweat-rate index values are highly nonlinear. Thus, betweeen 82 and 88 F. there 
is little change in sweat-rate index values, but above 88 F. the values rise at a 
greater rate per unit increase in environmental temperature, i. e., the shape of 
graphs is essentially hyperbolic. 

2. The effect of increasing the wind velocity from 50 to 400 ft./min. is different 
on the wet kata and effective temperature values compared with the influence of 
such an increase on the sweat-rate index graphs. Thus, at the lower environmental 
temperatures, increasing the wind velocity has a large effect on wet katas and 


TasBLe 1.—E-xperimental Subjects 


Height Weight 
Surface Area, 
Mine No. is " Lb. Oz. Sq. Meters 


Tropicals 


1.60 
1.57 
1.83 
1.62 


Average 


effective temperatures and but little effect on sweat-rate index values. At the 
upper end of the temperature range, the converse is true. 


3. Different rates of energy expenditure are taken into account by only the 
sweat-rate index. 


Comparison of Graphs of the Three Indices with Those of Physiological 
Responses and Work Capacity (Chart 2).—The general shape of the graph of 
sweat-rate index values for the various experimental conditions is similar to that 
of the graphs of rectal temperature, heart rate, and sweat rate for the same condi- 
tions. Thus, there is a zone of minimal change between 82 and 88 F. saturated air 
temperature. Above 88 F., there is a progressive rise per unit increase in environ- 
mental temperature. By contrast, the graphs of wet kata cooling powers and of 
effective temperatures are linear with environmental temperature. 


The general shape of the graph of ergometer performance is essentially that 
of a sigmoid curve. The hyperbolic part betweeen 82 and 90 F. can probably be 
accepted without reserve. The fact that a minimum steady level is reached above 
90 F. is probably artificial.“” Hence, the present analysis is confined to the portion 
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of the graph between 82 and 90 F. In respect to general shape, these portions of 
the ergometer performance graphs and the sweat-rate index graphs are hyper- 
bolic and therefore similar. 

Wind velocity modifies the sweat-rate index graphs in a similar manner to its 
effect on the three physiological responses investigated. Increasing the wind velocity 
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Chart 1—Sweat-rate index values, wet katas, and effective temperatures at wet bulb tem- 
peratures (with 100% humidity) between 82 and 96 F. Wind velocities are indicated by 
x (400 ft./min.), a period (150 ft./min.), and a circled period (50 ft./min.) while the men 


worked at 100 kg.-cal./m.?/hr. and by a period in a square (150 ft./min.) while they worked 
at 150 kg.-cal./m.? hr. 


from 50 to 400 ft./min. has little effect on any of the graphs between 82 and 88 F., 
but above 88 F. the effect is significant. By contrast, the effect of increasing the 
wind velocity on wet katas and effective temperatures is greater at the lower environ- 
mental temperatures than it is at the higher temperatures; in fact, at 97 F. wind 
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velocity has no effect on wet kata values and at 100 F. no effect on effective tem- 
peratures. This is, of course, in marked contrast to its effect on physiological 
responses. 

Wind velocity modifies the graph of ergometer performance in a somewhat 
different manner. At the lower environmental temperatures, the effect of increasing 
wind velocity from 50 to 400 ft./min. is significant, but above 88 F. the effect is 
no longer significant. In this respect the ergometer performance graphs are similar 
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Chart 2.—Sweat rates (liters per four hours), body temperatures (Fahrenheit), heart rates 


(beats per minute), and ergometer scores at same conditions as Chart 1. Data of physiological 
responses are average during four-hours exposure. Each result is the average of eight men. 


to those of wet katas and effective temperatures. Too much importance must not 
be placed upon this point of similarity, however, because it might well be due 
largely to the artificial ceiling effect on performance above 90 F. Thus, the simi- 
larity might be apparent rather than real. 

Only the sweat-rate index takes account of differences in work rate. The sweat- 
rate index values for the higher work rate are above those at the lower work rate 
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and in this respect are similar to the effect of increased work rate on physiological 
responses. Increasing the rate of work from mild to moderate does not influence 
ergometer performance as much as it does physiological responses; hence, the 
weighting given to the influence of work rate by the sweat-rate index seems to be 
excessive in comparison with the wind velocity effect on ergometer performance. 
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Chart 3.—Sweat rates, body temperatures, heart rates, and ergometer scores at the sweat- 
rate index values, effective temperatures, and wet katas of the various experimental conditions. 


Relationship of Physiological Responses and Ergometer Performance and Each 
of the Three Indices (Chart 3).—Heart rates, rectal temperatures, and sweat rates 
at the mild rate of work have a relatively linear relationship with sweat-rate index 
values for the various experimental conditions. The same responses are nonlinear 
with wet katas and effective temperatures for the same conditions. Furthermore, 
the weighting given to the effect of wind velocity on physiological responses by the 
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sweat-rate index is clearly more accurate than that by the other two indices. This 
is especially so at high temperatures. At the milder conditions, sweat-rate index 
values take account of mild and moderate rates of work with reasonable accuracy, 
but the weighting given to the higher rate of work in the severer conditions appears 
to be inadequate. Neither of the other two indices takes account of differences of 
energy expenditure ; hence, there is a different graph of these physiological responses 
for each rate of energy expenditure. 

Ergometer performance between 82 and 90 F. is roughly linear with all three 
indices. The weighting given by these indices to the effects of wind velocity are 
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Chart 4.—Ergometer scores (average of eight men) at the sweat-rate index values, effective 
temperatures, and wet katas of the various experimental conditions. 


demonstrated in Chart 4. It appears that over the range in which ergometer per- 
formance deteriorates rapidly the sweat-rate index gives more accurate weighting 
to the effects of wind velocity; the effective temperature scale is less accurate in 
this regard, and wet kata cooling powers exaggerate the improvement in ergometer 
score due to increasing the wind velocity at environmental temperatures between 
82 and 90 F. The influence on ergometer score of increasing the work rate from 
mild to moderate is so small that the sweat-rate index appears to have no advantage 
over the others because it takes account of rate of work. 
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COMMENT 


Physiological Responses——The relationships between rectal temperatures, heart 
rates, and sweat rates, on the one hand, and the sweat-rate index values for the 
experimental conditions, on the other hand, are relatively linear; the relationships 
of these physiological responses and wet katas and effective temperatures are, how- 
ever, nonlinear. 


There appears to be an advantage in selecting an index of heat stress for deter- 
mining the relative degree of strain having values which are linear with the physio- 
logical responses we are interested in. Firstly, different environmental conditions 
which are represented by equal intervals on this index will clearly produce equal 
alterations in physiological responses. The sweat-rate index meets this require- 
ment. Physiological responses are nonlinear with wet katas and effective tempera- 
tures ; hence, some mental effort is needed to remember how strain of these responses 
increases per unit change in the two indices. This is especially so in severer con- 
ditions. Secondly, the feature of linearity makes it a relatively simple procedure to 
determine the strain of physiological responses for particular environmental con- 
ditions. For example, it has been suggested tentatively that the body temperature 
increases in the ratio of 0.4 degree F. per unit increase in the sweat-rate index.® 
By means of this ratio it is possible to determine the value on the index of an 
arbitrary tolerance limit of body temperature ; from this value, in turn, it is possible 
to determine the actual environmental conditions which will cause such a rise in 
body temperature. Thus, a body temperature of 101.0 F. is generally regarded 
as the upper limit of desirable temperature.’ Assuming that the initial body 


temperature is 99.0 F., then conditions which will give a sweat-rate index value of 
2.0 


0.4’ i. e., 5 liters of perspiration per four hours, are limiting environmental condi- 
ditions. This value is given at 92 F. saturated air temperature at a wind velocity 
of 100 ft./min. when men work at 100 kg.-cal./m.*/hr. Finally, a further advantage 
of such an index is that, by merely plotting sweat-rate index values in relation to 
environmental temperatures, the important relationships between physiological 
responses and heat stress factors are obvious at a glance. For example, sweat rates 
and rectal temperatures are given for three rates of energy expenditure in relation 
to saturated air temperatures between 82 and 96 F. and for three wind velocities 
as shown in Chart 5. These values are taken directly from the sweat-rate index 
nomogram. From this figure it is immediately clear that between 82 and 88 F. 
for mild rates of work body temperature is relatively little influenced by increase 
in environmental temperature and by alteration in wind velocity. Above this range, 
body temperature increases progressively with rise in environmental temperature. 

From our experimental data it is clear that physiological responses are markedly 
affected by the rate of energy expenditure. The index of heat stress which takes 
account of different rates of energy expenditure, therefore, has an advantage over 
those indices which do not. The sweat-rate index gives weighting to the effect of 
different rates of work. Our results indicate, however, that the weighting of the 
index for moderate rates of energy expenditure is inadequate at the higher saturated 


7. Eichna, L. W.; Bean, W. B.; Ashe, W. F., and Nelson, M.: Performance in Relation to 
Environmental Temperature: Reactions of Normal Young Men to Hot, Humid (Simulated 
Jungle) Environment, Bull. Johns Hopkins Hosp. 76:26, 1945. 
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air temperatures. The reason for this shortcoming might well lie in the fact that, 
whereas the sweat-rate index is said to be applicable to rates of energy expenditure 
between 50 and 200 kg.-cal./m.*/hr., nevertheless most of the investigations were 
carried out at approximately 100 kg.-cal./m.?/hr. 


If the other two indices, wet katas and effective temperatures, are to have any 
real value for predicting the effects of heat stress, then the physiological responses 
at different rates of energy expenditure and at different values of the indices must 
be given consideration. The method of doing this is that an additional graph must 
be drawn for each rate of energy expenditure. Thus, not only has the observer 
who would use the two indices intelligently to remember the essentially hyperbolic 
nature of the relationship of physiological responses to these indices, but he must 
also bear in mind that there is a different graph for each rate of energy expenditure. 


BODY TEMPERATURE 


SWEAT-RATE / 4 HOURS 


SATURATED AIR TEMPERATURES °F 


Chart 5.—Body temperatures and sweat rates (per four hours) determined from the predicted 
four-hour sweat-rate index nomogram for the following conditions of wind velocity and energy 
expenditure. Wind velocities are indicated by x (400 ft./min.), a period (150 ft./min.), and 
a circled period (50 ft./min.). Rates of energy expenditure were 60 kg.-cal./m.2/hr. for men 
at rest (indicated by long dashes), 100 kg.-cal./m.2/hr. for men working mildly (indicated 


by — lines), and 150 kg.-cal./m.2/hr. for men working moderately (indicated by short 
ashes ). 


The essential failure of the wet kata cooling powers and effective temperatures 
to take account of man’s physiological mechanisms is well demonstrated when the 
effects of various wind velocities on physiological responses are considered. These 
two indices underestimate the beneficial effect of increasing wind velocity from 50 
to 400 ft./min. at the higher saturated air temperatures and exaggerate the effect 
at the lower environmental temperatures. This is a serious defect. The short- 
comings of the wet katas and the effective temperatures in this respect and the 
clear advantage of the sweat-rate index will be evident from Tables 2 and 3. 

If the wet katathermometer is an accurate instrument for predicting changes 
in body temperature due to different degrees of heat stress, then logically the same 
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body temperatures should be obtained in all conditions which give the same wet 
kata cooling power, even though these conditions are made up of various combi- 
nations of temperature and wind velocity. From Table 3, it must be concluded 
that the wet kata fails as an instrument for predicting accurately the effects of 
various hot and humid environments on laborers. Firstly, it exaggerates at the 
lower temperatures the improvement due to wind velocity. Secondly, it under- 
estimates the improvement due to wind velocity in the severer environmental 
conditions. 

In spite of the advantages of the sweat-rate index for predicting the effects of 
the various heat stress factors on man’s physiological responses, it is open to 
criticism on certain counts. 


TABLE 2.—Comparison of Physiological Responses and Indices at Three Wind Velocities* 


At 82 F. 


At % F. 


E.T. W.K. Rate Temp. E.T. W.K. 
2.630 101.9 8.6 95.5 0.7 
2.120 101.5 7.5 95.0 0.9 
1.850 101.3 6.5 94.5 1.2 


Difference between 
values at 50 and 
400 ft./min 2.1 1.0 0.5 


* In this table, sweat rate, body temperature, sweat rate index values (PsSR), effective temperatures 
(E. T.), and wet katas (W. K.) are compared at 82 and 9 F. saturated air temperature and at three wind 


velocities. In the last line, the difference in these responses is also compared at wind velocities of 50 and 
400 ft./min. 


TaBLe 3.—Body Temperatures Compared at Same Wet Katas but Different Temperatures 
and Wind V elocities* 


Body Temperatures (F.) 
AY 


= 
Saturated Air Wind at at 
‘Temperatures Velocities, 100 Kg.- 150 Kg.- 
F. Ft./Min. Wet Katas Cal./M.2/Hr. Cal./M.2/Hr. 


8.0 


4.0 
4.0 101.8 


8.0 
8.0 6 100.7 


4.0 


1.0 
10 . 102.8 
10 a 


* Body temperatures in this table are taken from curves fitted by least squares to experimental data. 


Wet kata values are taken from the table of wet katas, wet bulb temperatures, and wind velocities in the 
publication, “Quality of Mine Air.” ® 


(a) The choice of rate of sweating as the basis for an index of the strain of 
physiological responses due to heat stress appears to be unfortunate. Rate of sweat- 
ing is known to vary greatly from one person to another. To some extent these 
variations are related to differences in surface areas.° The sweat rate values used 


8. Eichna, L. W.; Ashe, W. F.; Bean, W. B., and Shelley, W. B.: Upper Limits of 
Environmental Heat and Humidity Tolerated by Acclimatized Men Working in Hot Environ- 
ments, J. Indust. Hyg. & Toxicol. 27:59, 1945. 


9. Adolph, E. F., and others: Physiology of Man in the Desert, New York, Interscience 
Publishers, Inc., 1947. 


Wind Velocities, Sweat Body 
Ft./ Min. Rate Temp. 
99.7 
99.6 
a 400 = 99.9 
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in constructing the nomogram were not, however, brought to unit surface area. 
Furthermore, the great variation in this regard among different racial groups has 
been alluded to in an earlier section. At the higher environmental temperatures, 
Europeans may sweat as much as 300% more than non-Europeans, whereas their 
surface areas are only 10% greater. Hence, it will be difficult to substantiate the 
following tentative claims, one of which is made in regard to this nomogram that 
“it may be used to determine the fluid requirements of men working under various 
environmental conditions.” *° 

(b) Possibly a more serious objection is that sweating is subject to both satura- 
tion and exhaustion phenomena.’' Hence, in conditions of severe heat stress the 
rate of sweating may actually decline, whereas the rectal temperature and heart rate 
will rise rapidly. Under such conditions the rate of sweating can bear no close 
relationship to the effect of the environment on other physiological responses. The 
authors of the sweat-rate index nomogram probably had this feature in mind when 
they commented on the fact that in severe conditions the observed sweat rates fall 
short of the idealized values. 


(c) It would appear clear from the above criticisms that a reliable mean sweat 
rate for any of the environments from which the nomogram was determined would 
require data on an appropriately large population. In these experiments this does 
not appear to have been the case. In some environments only two to four subjects 
were tested; also, not the same subjects were used throughout the investigations. 


(d) The manner in which the four hours of each experiment were divided 
between rest and work was peculiar. It must surely have a slender relationship to 
most manual tasks carried out in hot conditions. There was certainly little in 
common with the routine of work of laborers working underground. Presumably 
the division of rest and work was decided upon from careful time studies of the 
tasks carried out by naval ratings. Continual work would have been a more useful 
basis upon which to determine physiological responses. The nomogram would then 
have had a general application to other fields in which labor is employed in hot 
conditions. 


Working E fficiency—None of the graphs of the three indices investigated bears 
the same close relationship to the ergometer score as was demonstrated between 
physiological responses and the sweat-rate index. The sweat-rate index appears 
to take into account more accurately the effect of wind velocity. However, these 
apparent relationships have not been tested by statistical methods. Use of any of 
these indices must, therefore, be regarded as merely an interim expedient until a 
more precise method is available for determining the effects of heat stress on work- 
ing efficiency. 

SUMMARY 


The scale or index values, for saturated air temperatures between 82 and 96 F., 
wind velocities of 50 to 400 ft./min., and mild and moderate rates of work, 
of wet kata cooling powers, effective temperatures, and sweat-rate index values 


10. McArdle and others.? Ladell, W. S. S.: Colonial Research Report, London, 1949- 
1950, p. 93. 


11. Gerking, S. D., and Robinson, S.: Decline in Rates of Sweating of Men Working in 
Severe Heat, Am. J. Physiol. 147:370, 1946. MacDonald, D. K. C., and Wyndham, C. H.: 
Heat Transfer in Man, J. Appl. Physiol. 3:342, 1950. 
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have been compared with one another ; also, all three have been considered in com- 
parison with physiological functions and working efficiency of men under such heat 
stress; finally, the relationship of these two responses of men with the values of 
the indices and scales have been examined. 


Physiological responses, body temperature, heart rate, and sweat rate have 
an essentially linear relationship with sweat-rate index values, but they are nonlinear 
with the other two indices of heat stress. Also, the sweat-rate index takes account, 
with relative accuracy, of the influence of wind velocity and of work rate. The 
other two indices do not. For prediction of the effects of heat stress on man’s 
physiological functions due to the environment and rate of work, the sweat-rate 
index therefore has definite advantages. 


None of the three indices examined has the same close relationship with working 
efficiency measured on an arm ergometer. 


This work was made possible by the financial aid given and the facilities provided by 
Central Mining/Rand Mines, Ltd., and by the Council for Scientific and Industrial Research 
(South Africa). The investigations were carried out in City Deep gold mine. We owe our 
indebtedness in particular to Mr. F. G. Hill, Dr. A. J. Orenstein, Mr. M. Bareza, Mr. E. C. 
Airth, Mr. L. Unwin, Mr. A. Paton, and Mr. R. Campbell-Pitt. Mr. J. F. Maritz and Mr. 
J. E. Kerrich directed in statistical work. 
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HIS INVESTIGATION is concerned with the effects of various saturated air 

temperatures between 82 and 96 F., of wind velocities of 50 ft. (15.24 m.) 
to 400 ft. (121.9 m.) per minute, and of mild and moderate rates of work on the 
working efficiency of trained and heat-acclimatized non-European African laborers. 
Tests were made only once in each experimental condition, i. e., at the end of four 
hours of exposure to heat and intermittent work. An arm ergometer, similar to that 
used by Mackworth,' was employed in these studies. 


A further short series of tests were made at 83, 88, and 94 F. saturated air 
temperatures, in which performance on the arm ergometer was examined hourly 
during five hours of heat and continual work. In this series, half of the laborers 
rested for one hour midway during the tests. 


EXPERIMENTAL METHODS 


Daily Routine—In the first series of experiments, eight men were exposed for four hours 
at various environmental conditions, detailed below, and at intermittent work. The description 
of the routine of work is given elsewhere.2 Immediately the last bout of work was completed, 
each subject commenced the test on the arm ergometer. The men were made to raise and 
lower the weight in the ergometer as rapidly as possible, and they continued until exhausted. 
Various expedients were employed to keep motivation at a reasonably high level throughout 
the series of tests. Firstly, two arbitrary groups of four men competed on a weekly basis for 
a small prize of sweets; secondly, the score which they attained was indicated to them, and, 
thirdly, as they began to tire, exhortations to put in their best efforts were employed. 

The daily routine in these tests departed from that adopted by Mackworth, the British 
experimental psychologist, in that the laborers were encouraged to move the weight as rapidly 
as possible, rather than at a rate of 1 cycle per minute. This was forced upon us because 
it was difficult to train these eight men to adhere to such a routine and because one of them 
was simply incapable of such a skeletomuscular speed of movement. 


From the Soath African Institute for Medical Research. 


1. Mackworth, N. H.: Researches on the Measurement of Human Performance, Medical 
Research Council, Special Report Series, No. 268, London, His Majesty’s Stationery Office, 
1950, p. 121. 

2. Wyndham, C. H.; Bouwer, W. v. d. M.; Devine, M. G., and Paterson, H. F.: Physi- 
ological Responses of African Labourers in Various Saturated Air Temperatures, Wind 
Velocities and Rates of Work, J. Appl. Physiol., to be published. 
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Program of Investigations—(a) Training: Sixteen days were spent in cool conditions in 
training the laborers to the above routines. 

(b) Acclimatization: Twenty-three days were spent at 91 F. saturated air temperature, 
a wind velocity of 150 ft. (30.48 m.) per minute, and a work rate of 100 kg.-Cal./m.*/hr. 


(c) Various Environments and Work Rates: At the conclusion of the acclimatization period, 
investigations were carried out as follows: Each Monday of the five-day test week was spent 
for seven weeks at the acclimatization conditions. In this way we had a useful check on the 
steadiness with which the men retained their states of acclimatization. In each week the remaining 
four days were spent at a single environmental temperature. One day of the four was spent 
at a wind velocity of 50, 150, or 400 ft./min. and at a work rate of 100 kg.-Cal./m.2/hr. 
The remaining day was spent at a wind velocity of 150 ft. (45.7 m.) per minute and at a work 
rate of 150 kg.-Cal./m.2/hr. The order in which the wind velocity and work rate conditions 
were investigated was selected in a random fashion. Also, the order in which the temperature 
conditions were studied was randomized, and during the first seven weeks these conditions were 
investigated according to the following order of temperatures, 90, 92, 88, 96, 82, and 94 F. 
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Chart 1—Ergometer scores (average of eight men) at various saturated air temperatures 
between 82 and 96 F. and at wind velocities indicated by x (400 ft./min.), a period (150 
ft./min.), and a circled period (50 ft./min.) while the rate of work was 100 kg.-Cal./m.?/hr. 
and by a period in a square (150 ft./min.) while the rate of work was 150 kg.-Cal./m? hr. 


During a further week the men were exposed to temperatures of 83, 88, and 94 F. at a wind 
velocity of 150 ft./min. on successive days for five hours. Half of the men worked continually, 
and the other half rested for one hour in the hot room between the second and third hours. 
Ergometer performance was tested once every hour on each man. 


The subjects, non-European Africans, were raw recruits in the gold mines. Four came from 
Tanganyika and four from South Africa. 


RESULTS 


After work at 100 kg.-cal./m.?/hr., the ergometer score at a single wind velocity 
deteriorated rapidly above 86 F. saturated air temperature (Chart 1). After work 
at 150 kg.-cal./m.? hr., deterioration occurred above 82 F. Above 90 F. at both rates 
of work, performance reached a minimum steady level, which was lower after 
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moderate work than after mild work. Increasing the wind velocity from 50 to 150 
ft./min. did not have a significant effect on performance, but increasing it to 400 
ft./min. improved performance in temperatures up to 90 F. 

Ergometer performance which was tested after each hour for five hours (Chart 
2) deteriorated rapidly in the first two hours and then more slowly. The fall was 
greater at 88 F. than at 83 F. At 94 F., even the initial performance on entry into 
the room was low and subsequently fell to very low levels. The mean scores were 
613, 510, and 207 at 83, 88, and 94 F., respectively. Body temperature rose pre- 
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Chart 2—Ergometer performance and rectal temperatures (average of eight men) on enter- 
ing hot room and at each hour during five-hour experiment at saturated air temperatures 
between 82 and 96 F. Half of the men as indicated by x, worked continually; the other half, 
as indicated by a circled period, rested for one hour between the second and third hours. 


cipitously during the first hour at all environments. At the two lower environmental 
temperatures, it tended to reach equilibrium after one hour. At 94 F., however, it 
was still rising during the last hour. The final level reached was 103.6 F. The sub- 
jects during the last two hours of this experiment were in a state of incipient heat 
exhaustion and required considerable encouragement to make them finish the full 
period. In spite of this, they were still able to perform on the arm ergometer, even 
though inadequately. A rest of one hour in the hot room midway of the five-hour 
period arrested the deterioration in performance of one group, but thereafter the 
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performance of these men fell to levels which wiped out the improvement due to 
rest. Similarly, body temperature fell during rest and thereafter rose to approxi- 
mately the same level as that of the other group which had worked continually. 
During the 16-day training period in cool conditions (Chart 3), performance 
improved steadily and increased by 130%. Tropical laborers from Tanganyika 
initially were less efficient than laborers from nontropical areas of South Africa, 
but by the end of the training period they had surpassed the ergometer scores of 
the latter group and thereafter maintained a small lead. During the first 7 of the 23 
days in heat (Chart 3), ergometer performance fell below the final levels of the 
‘last few days of training. Thereafter, over the next 10 days a steady increase 
occurred, and then the performance remained relatively steady. The increase in 
performance from the first day of experiments to the last day of acclimatization was 
approximately 900% (the final steady level value was approximately 600 to 800% ). 


TRAINING ACCLIMATISATION 
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T 
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Chart 3—Ergometer score (average of eight men) during 16 days of training in cool 
conditions and during 23 days of acclimatization at 91 F. wet bulb (with 100% humidity) and 
at 150 ft./min. wind velocity. 


COMMENT 


Most previous examinations into the effects of heat stress on working efficiency 
have been confined to the influence of only one of the factors contributing to heat 
stress, i. e., temperature.* There seems to be agreement that deterioration occurs 
above approximately 85 F. effective temperature, irrespective of the task investi- 
gated. For example, the tasks in Mackworth’s series of studies, carried out by the 


3. Mackworth.1 Weiner, J. S., and Hutchinson, J. C. D.: Hot Humid Environment: Its 
Effect on the Performance of a Motor Co-Ordination Test, Brit. J. Indust. Med. 2:154, 
1945. Work Performance of Young Men in Comfortable and Hot Atmospheres with Different 


Noise Levels, Report of the Research Laboratory of the American Society of Heating and 
Ventilating Engineers, 1942. 
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applied psychology unit in England, ranged from those requiring a simple muscular 
effort with an arm ergometer to the highly organized mental operation involved in 
receiving and decoding wireless messages. In our investigations, the effects of two 
additional heat stress factors, wind velocity and rates of work, were also examined. 
At low work rates, working efficiency deteriorated at 86 F. saturated air tem- 
perature (i. e., approximately the same effective temperature as observed by other 
workers). Increasing the wind velocity from 50 to 400 ft./min. improved perform- 
ance significantly between 82 and 90 F.; furthermore, after moderate work, per- 
formance deteriorated at lower environmental temperatures than it did after mild 
work, namely, 82 F. The fact that ergometer performance in these studies reached 
a minimum steady level above 90 F. puzzled us. We sought advice from Mackworth 
on this point, and it appeared that similar responses were observed among Asiatics 
investigated by the tropical research unit of the British Navy in Singapore. Mack- 
worth’s explanation was that “the test was probably too strenuous and therefore 
places an artificial ceiling on performance” (private communication). 
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Chart 4.—Ergometer scores at the sweat-rate index values and effective temperatures of the 
various experimental conditions. 


Some light on the probable mechanisms responsible for the deterioration in 
performance emerged when ergometer performance was examined in relation to 
effective temperatures * and sweat-rate index ® values for the various conditions. 
The former index was based on the sensation of warmth, and the latter was deter- 
mined from a measurement of strain of one of the physiological responses which are 
markedly affected by heat stress, namely, rate of sweating. When these relationships 
were examined (Chart 4), it appeared that, in the range over which performance 
deteriorated, the sweat-rate index took account more adequately of the influence of 
wind velocity on ergometer performance. From this conclusion it can be stated 
tentatively that deterioration in working efficiency is more closely related to the 
strain of physiological responses than it is to the sensation of warmth. This is, 


4. Houghten, F. C., and Yaglou, C. P.: Determination of the Comfort Zone, J. Am. Soc. 
Heat. and Vent. Engin. 29:163, 1923. 

5. McArdle, B.; Dunham, W.; Holling, H. E.; Ladell, W. S. S.; Scott, J. W.; Thomson, 
M. L., and Weiner, J. S.: The Prediction of the Physiological Effects of Warm and Hot 
Environments, Medical Research Council, Report to the Royal Naval Personnel Research 
Committee 47/391, London, His Majesty’s Stationery Office, 1947, p. 194. 
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however, contrary to Mackworth’s conclusion The number of our observations 


between 82 and 90 F. was small, and hence our conclusion in this regard must be 
considered as tentative. 


Comparison with the working efficiency data on other racial groups has been 
made in terms of wet kata cooling powers (Chart 5) for the sake of convenience. 
From this it appears that the working efficiency of the Indians investigated by 
Caplan and Lindsay ° and of the African laborer described by Orenstein and Ireland? 
deteriorated at wet katas of approximately 15, whereas our results were in agree- 
ment with Mackworth’s on acclimatized European naval ratings, the deterioration 
in performance occurring only at wet katas of approximately 10. The latter condi- 
tion is, of course, much severer than the former. 


The fact that the improvement in performance and in body temperature after 
rest in heat was only transient surprised us. An established midwork break in heat 
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Chart 5.—Working efficiency expressed as percentages of performance in cool conditions at 


the wet kata values of the experimental conditions: A is for Mackworth’s data; B, Orenstein 
and Ireland’s; C, ours, and D, for Caplan and Lindsay’s. 


of this order of time would seem to have little to commend it, from the point of 
view either of working efficiency or of body thermodynamics. 

It is of interest that it took approximately six weeks (30 days) for the laborers 
to reach a relatively steady level of ergometer performance. Moreover, during the 
first seven days of exposure to heat, ergometer performance fell below the level 
reached during the last few days of training in cool conditions. Once the physiologi- 
cal adjustments of acclimatization to heat were established, then training responses 


6. Caplan, A., and Lindsay, J. K.: Experimental Investigation of Effects of High Tempera- 
tures on the Efficiency of Workers in Deep Mines, Bulletin 480, Institution of Mining and 
Metallurgy, London, 1946. 


7. Orenstein, A. J., and Ireland, H. J.: Experimental Observations upon the Relation 
Between Atmospheric Conditions and the Production of Fatigue in Mine Labourers, J. Indust. 
Hyg. 4:70, 1922. 
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again became apparent. Therefore, it can be concluded that the capacity to learn 
a task is inhibited somewhat in hot conditions while the initial physiological adjust- 
ments of acclimatization are taking place. The small population, four in each group, 
makes comparison of tropical and nontropical performances merely tentative. 


SUMMARY 


1. The working efficiency of African laborers measured on an arm ergometer 
deteriorated at about 86 F. saturated air temperature after the men had worked 
intermittently at a mild rate; above 82 F. it deteriorated after they had worked 
intermittently at a moderate rate. 


2. Increasing the wind velocity from 50 to 400 ft./min. improved performance 
significantly. 

3. A rest of one hour midway during continual work in heat enhanced ergometer 
performance only transiently. 


4. Tentatively, it would appear that the strain of physiological responses played 
a more important part in the deterioration of performance during exposure to heat 
than did the sensation of warmth. 


5. These acclimatized and trained African laborers showed deterioration in 
performance in essentially the same relatively severe conditions as did acclimatized 
Europeans. The performance of Indian laborers and of an African laborer fell off 
in relatively less severe conditions. The probable reasons for this discrepancy are 
considered. 


This work was made possible by the financial aid given and the facilities provided by Central 
Mining/Rand Mines, and by the Council for Scientific and Industrial Research (South Africa). 
The investigations were carried out in City Deep gold mine. We owe our indebtedness in 
particular to Mr. F. G. Hill, Dr. A. J. Orenstein, Mr. M. Bareza, Mr. E. C. Airth, Mr. L. 
Unwin, Mr. A. Paton, and Mr. R. Campbell-Pitt. Mr. J. F. Maritz and Mr. J. E. Kerrich 
directed in statistical work. 


PERIODIC HEALTH EXAMINATIONS 


W. LEIGH COOK Jr., M.D. 
PITTSBURGH 


ECAUSE of the recent popularity of periodic health examinations of employees 

of industrial corporations, the role of the internist in industrial medicine has 
increased in importance in the past few years. The fact that these examinations 
have been requested with increasing frequency should make both the medical 
department of the corporation and the physicians participating in such preventive 
medical activities take stock of the role in which they find themselves and make 
certain that this striking advance in general public health measures in the com- 
munity is handled properly. We all know that for years periodic physical exami- 
nations, adequate diet instruction, immunization programs, and health counsel for 
infants and growing children have been the custom. We know also that the youth 
of today is healthier, stronger, and in many respects a more formidable citizen than 
his forebears. Simple examples of the average weight of those on the football line 
of college or high-school teams and the height of the basketball player of school 
years will immediately make any adult realize that the child of today has had a 
better combination of circumstances playing an important role in his maturing 
years. Because of the demand for greater efficiency in a markedly accelerated way 
of life, adults are now realizing the importance of health as never before.1 They 
know its value in their ability to work, make decisions, and remain productive 
members of communities and corporations. This is certainly a great step forward 
in our general preventive medical activities in this 20th century. 

The fact that personnel directors or chief executives of corporations have come 
to the medical profession with the request that their key personnel ?* or their per- 
sonnel in general * be examined and advised concerning public health measures and 
the control of infectious and degenerative diseases places a serious responsibility 
upon our shoulders. The lay person does not know what he asks for when he 
requests an examination concerning his physical condition. True, he may have read 
articles in the daily newspapers and in many of the lay journals concerning topics 
in medicine today, but the average layman still feels that a physician is a physician 
regardless of his educational background, his specialty training, and his innate 


Dr. Cook is Assistant Professor of Medicine at the University of Pittsburgh. 
This paper was presented before the Eightieth Annual Meeting of the American Public 
Health Association, Industrial Hygiene Section, Cleveland, Oct. 21, 1952. 
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ability. I believe the patient or layman is generally more impressed with the number 
of objective tests which are performed upon him, such as blood being taken from 
his finger, blood being taken from his arm, an electrocardiogram, and x-rays of one 
sort or another, than he is with the evaluation of the entire survey by the physician. 
The composite judgment takes into consideration all the facts, including history, 
physical examination, and results of the laboratory procedures. It has been my 
experience in doing periodic physical examinations for industrial corporations over 
the past 12 years to have the patient at the close of an examination say, “Well, am 
I good for another year now, Doctor?” My answer to him has always been: “I 
am a historian not a prophet, and I may say that throughout the last year the 
situation with respect to your health is as described. I wish I did know or had 
sufficient ability to see into the future and to give you the answers as to the situa- 
tion for the coming year.” Interestingly enough, persons who have heard that little 
speech one year still come back the next year and say, “Well, Doctor, am I good 
for another year?” We all know that frequently patients say: “Why do I have to 
have an x-ray now? I had one last year. Why is a blood count important? My 
blood count was fine six months ago.” It has equally amazed me and some of my 
fellow workers in the role of periodic physical examiner and health adviser to find 
that a man who is a very important cog in the wheel of a large corporation will have 
a most unusual and many times unrealistic or unsound attitude toward the function 
of a physician with respect to physical examinations and the care of illness and treat- 
ment of disease. I mention the above purely to emphasize again the fact that the 
medical profession, in being asked to perform periodic health examinations on indus- 
trial employees, must be careful in its honesty and integrity as to what this physical 
survey is doing, can do, and cannot do for the health of the employee.* Also the cost 
of such examinations must be held within a nominal figure; otherwise, many who 
are engaged on programs of this preventive medical type are going to find that the 
contract has been cancelled because of lack of value received. I make the latter 
statement because I know of certain industries which have discontinued periodic 
examinations of executive employees because the cost was too high. There are many 
clinics in the United States today that are doing periodic health examinations at, in 
some cases, bargain rates. I must say the work is being very well done; however, 
the personal contact between patient and physician is many times lost in group 
periodic surveys performed on a clinic basis. I have a strong feeling that, with 
careful evaluation of what a periodic physical survey of employees can do and at a 
price the average industrial corporation can afford, the examinations should be done 
by physicians who have facilities for a moderate amount of laboratory work. This 
service is available in the offices of many, if not most, of the internists in this 
country today. 

Just what do we expect to accomplish from a periodic examination of an appar- 
ently healthy person or at least one who is working every day? If we may define 
the benefits of such examinations, I think we shall eventually arrive at the type of 
examination required and thus avoid useless expenditure of time and money on the 
part of both the examiner and the patient examined.® In proposing a list of advan- 
tages to be gained from such preventive public health measures, I am sure to meet 
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with some disagreement on the part of other internists engaged in this type of work, 
and yet I believe the importance of the subject to be great enough to risk any critical 
comments. In the first place, it is my strong feeling that periodic health examina- 
tions performed on industrial employees should not be in competition with diagnostic 
clinics or the general practitioners of medicine in the community. The person 
examined should not feel that he is going to have exhaustive diagnostic procedures 
performed upon him; instead he should feel that he is being scanned or surveyed 
for telltale evidences of lack of good general health. We must remember that a 
person presenting himself for a periodic health examination is apparently healthy 
and has few, if any, major physical symptoms or complaints. It is admitted that 
complaints of little or no medical significance may be of great importance to the 
patient and that frequently lay persons are not impressed with symptoms considered 
ominous by the physician. 

If all this is accepted as a basic premise, we can attempt to list the advantages 
of the periodic health examination of the industrial employee. As the first advantage, 
I should list the fact that the patient actually presents himself to a physician for an 
examination. It is surprising that many executives feel that they cannot spare the 
time from their work during the day to go to a physician’s office and have themselves 
evaluated. It is also a fact that many persons are not willing to spend money for 
medical advice until they have an actual pain or complaint. Thus I feel that it is of 
prime importance to get the patient to the physician with the approval of the cor- 
poration. The next most important thing is that while the patient is talking with 
the physician he begins to realize that his health is important not only to himself 
but also to the corporation. A healthy employee is a good employee ; a sick employee 
is liable to make mistakes which may cost the corporation needless losses. This 
discussion of health and public health measures with the physician also gives an 
opportunity for a short lecture on good and bad health practices and on excesses 
in living today. Many persons as they grow older refuse to admit the advancing 
years. In order to convince themselves and their fellow workers and friends of their 
persistent youth, they attempt to maintain a youthful attitude toward their physical 
ability. Unfortunately, we all have seen instances in which such an attitude has 
needlessly caused a sudden demise or onset of morbidity. I think the next advantage 
is that these periodic examinations enable the physician to discover silent infectious 
or degenerative disease processes. The main diseases are, I believe, diabetes, hyper- 
tension, progressive arteriosclerosis, tuberculosis, blood dyscrasias, and tumors which 
have not been noted by the patient. It is obvious that early diagnosis permits better 
prognosis for cure or control. 

The third advantage of periodic health examinations is that of reassurance to 
persons with known physical disabilities concerning their success in having handled 
these problems. By the latter statement I refer, for instance, to the case of a man 
who had a coronary occlusion in 1946. The electrocardiograms of this patient, 
which prior to 1946 had all been normal, showed definite changes on his return to 
work. As time went on, the electrocardiograms remained static, indicating that the 
patient was holding his own and was not harming his myocardium any further. 
Also, there have been a few instances in which the electrocardiogram has indicated 
a return to a normal pattern. Such news is a great comfort to the patient. He has 
known of other persons who have had a “coronary” and have had repeated attacks, 
and their life span has not been too long after such repeated attacks. Reassurance 
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from the physician making the periodic check is a great solace to the patient, and 
it becomes a stimulus toward his continuing these general health measures in the 
years following his attack. With respect to reassuring patients, I think that those 
who have had high blood pressure pointed out to them by their own family physi- 
cians are greatly relieved when they find that this pressure is not mounting but 
instead is maintaining a steady state, which we are learning to accept as not incom- 
patible with a long and productive life. Those persons who have been incapacitated 
by tuberculosis also receive great satisfaction when they are told that the lesions 
are healed or that there has been no progression of old lesions. It is also very 
important in tuberculous patients to find early spread and attack the lesions before 
they have progressed far enough to require long periods of inactivity for proper 
healing. 

Another important advantage in periodic health surveys is that of maintaining 
persistent records on patients over a length of time. Frequently an electrocardio- 
gram will show abnormalities which do not coincide with a person’s excellent physi- 
cal condition, i. e., a normal blood pressure, good heart sounds, and the ability of 
the patient to lead a very normal and productive existence. When electrocardio- 
grams of an abnormal nature persist unchanged over a number of years, we begin 
to believe that the tracing is not important; it may be a specific characteristic of 
such a person and of minor significance in his over-all physical condition. Two 
instances of this type, I believe, are the following : 


Case 1.—A 52-year-old man examined in 1941 was found to have a left bundle branch block. 
In 1941 such a finding was considered by most cardiologists to have a very serious prognosis. 
Because the specific person I am mentioning was an ardent golfer with a normal blood pressure, 
normal heart sounds, normal heart size, and absolutely no complaints, we merely mentioned to 
him that there was a slight abnormality on his electrocardiogram and made no further comment 
on this situation. It was our feeling also that, regardless of the importance of this finding, there 
was nothing that could be done to prevent progression of the particular lesion if it were of 
ominous portent, and increasing the person’s worry concerning his physical condition was cer- 
tainly not going to help matters. This gentleman is at present still working at the age of 63 and 
has his left bundle branch block. I believe the first time he began to worry about the abnormal 
electrocardiogram was when he went to a diagnostic clinic and was told about this serious situ- 
ation. Had the clinic used the information available on this patient, which consisted of 10 or 
more electrocardiograms showing no change over the 10-year period, perhaps their comments 
concerning his cardiovascular situation might have been less frightening to him. 

Case 2.—There is another man whom we have been following over a similar length of time. 
He is a hale and hearty athletic man of 49 years of age, with absolutely no evidence from the 
physical standpoint or history of any cardiovascular problem. His electrocardiogram shows a 
marked delay in the conduction time between the auricles and the ventricles, with a P-R interval 
of 0.44 second. When he is exercising so that his heart rate speeds up, the P wave is completely 
lost in the QR S and the tracing looks very abnormal. This patient has been followed, as I say, 
for 10 years; the P-R interval has maintained itself at 0.44 second; and he is as healthy today 
as he was when we first saw him. 


Thus I believe base-line, laboratory, or objective findings are very important in 
evaluating patients when they suddenly become sick or when they have symptoms 
which might be referable to a particular organ that has shown an abnormality on 
x-ray, cardiogram, or other type of investigation. Yearly records of the physical 
condition of patients are of great assistance in other respects. As mentioned above, 
the consistency of slight deviations from the normal are better understood and thus 
are not cause for alarm. Trends of weight, blood pressure, cardiographic patterns, 


4 


COOK—PERIODIC HEALTH EXAMINATIONS 245 


heart size, and chest x-rays lead to the application of such protective measures as 
are at our disposal. It should be emphasized that medical records are confidential 
documents and should be maintained only by physicians. Information from them 
can many times be misinterpreted by laymen. The records compiled by a corpora- 
tion health survey should, however, be made available to a patient’s family physician 
or a copy should be sent to him. 

If it is accepted that periodic health examinations are to accomplish the follow- 
ing: getting the employee to the physician ; impressing him with the importance to 
himself and the company of good general health; discovering silent degenerative or 
infectious disease processes; reassuring persons who have been sick or who are 
under medical orders for chronic conditions, and maintaining a health record for 
yearly evaluation and reference, then I believe that much is being accomplished by 
corporations and groups of industrial workers. However, not much is being done 
by family physicians on their own patients. I believe the internist or family physi- 
cian would be delighted to have the opportunity of conducting such work and would 
do it in a very thorough manner if his patients so desired. Because of a lack of 
ability on the part of the medical profession to sell such programs to their patients, 
corporations are doing it for them. All of us have certain patients who come in for 
periodic health examinations, but by no means a very high percentage among our 
patients does so. 

It is an important dicta among physicians performing periodic health examina- 
tions that they do everything in their power to keep such work from funneling to 
them the patients of other physicians. We who have been doing this work for some 
time are not looking for new patients through this means. I might also say in this 
regard that I believe that those performing periodic health examinations should not 
do such work as their only medical activity but should combine it with the care of 
the sick. Otherwise, it can become a dull and dreary performance, for it is not done 
with the same sense of acuteness which must be used at all times by those looking 
for and coming in daily contact with pathological states. 

The type of survey which would give information adequate enough to fulfill the 
advantages listed above can be made, | think, with the following: a careful medical 
history, a functional inquiry, a complete physical examination, a blood count with 
differential, a complete urinalysis, an x-ray of the chest or an adequate fluoroscopic 
examination (but preferably an x-ray), and an electrocardiogram. This type of 
examination can be done on a production-line basis by having the laboratory work 
done before the patient sees the physician. When the physician conducts the exami- 
nation and takes the history, he has the objective evidence in front of him and thus 
can give at that time a résumé of his findings to the patient. I believe that this type 
of what might be considered an abbreviated group of objective tests is adequate for 
periodic health surveys of employees, regardless of whether they are in the top 
bracket or in the middle or lower bracket of the executive force of an industry. I 
know that there are many more complete examinations which include determination 
of blood nonprotein nitrogen and sugar, sedimentation rate, and sometimes choles- 
terol level; phenolsulfonphthalein test; basal metabolism test; upper and lower 
gastrointestinal x-ray studies, and “other special tests when desired.” I know that 
this more complete examination is very impressive to the person who goes from 
one laboratory technician to another, is required to take castor oil and enemas, and 
consumes approximately two to three days in completing the periodic survey. I 
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wonder, however, whether this is worth the candle on persons who have no specific 
complaints. I might point out in addition that those who have specific complaints 
should not be given a diagnosis in the periodic physical survey. Instead they should 
go with their specific complaints to their physician or to a diagnostic clinic and have 
this work properly performed, with careful emphasis on the organ system or systems 
suspected of causing the trouble. I am not against having the industry pay for such 
examinations, but I do not believe that they should be made part and parcel of the 
periodic survey of the group. 

In defense of the abbreviated group of tests, let us examine the more extensive 
objective examinations and see whether or not it is foolish economy to eliminate 
much of this laboratory work. How much of a blood chemistry is necessary? Let us 
admit right now that certain diabetics have negative urines with a high blood sugar 
or, in other words, have what we call a high renal threshold. I doubt, however, that 
the percentage of such cases would be more than extremely minimal, with a lack of 
symptoms on the part of the patient or at least some hint that would make the 
internist feel that a blood sugar test might be indicated in a particular case. | think 
we can also feel that the nonprotein nitrogen is practically never elevated when the 
urine is normal, the blood pressure normal, and no symptoms present referable to 
chronic renal insufficiency. In this regard also, I wonder whether it is important to 
do a renal function test when the urinalysis shows an adequate specific gravity, no 
albumin, and no evidence of cells or casts on microscopic examination. As to a 
sedimentation rate, I am a great advocate of doing this test as an indication of 
chronic or degenerative disease states when no specific evidence is found on physical 
examination. It is a simple test, and I would not hesitate to add the sedimentation 
rate to the list mentioned above on a more elaborate periodic survey. On the other 
hand, though, we sometimes encounter persons who have an increased sedimentation 
rate with no specific reason for it, and unless personally following the case, the 
examiner can cause unusual alarm on the part of the patieat and his family physician 
by reporting a positive or an abnormal single laboratory procedure. What is the 
advantage of a blood cholesterol value? I am sure what we are looking for in 
increased blood cholesterol is the possibility of hypothyroidism and/or a tendency 
for production of arteriosclerotic plaques on major blood vessels. With increased 
talk about high fat and cholesterol in persons with rapidly advancing artery disease 
in articles in the lay press, many patients might get unjustified reassurance from the 
report of a normal blood cholesterol. From the practical standpoint, the determina- 
tion of cholesterol level seems to me an uncalled for additional examination and one 
that is not needed for persons presenting themselves for periodic medical survey. Is 
a basal metabolism test a necessary part of a periodic health examination? If a per- 
son has symptoms which suggest an abnormal basal metabolism, it seems to me that 
therapy is going to be indicated and that, therefore, the basal metabolism test should 
be done by the patient’s family physician rather than by the physician. making the 
periodic survey. I have no quarrel with the person who would prefer to have a 
basal metabolism test done by the corporation physician rather than by his own 
physician, but otherwise I feel that it is not a justified expenditure of time or 
money on the part of the corporation. 


The next subject to be discussed is that of whether or not the taking of gastro- 
intestinal x-rays is.a procedure which should be included in periodic health examina- 
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tions. When we take gastrointestinal x-rays, we are looking for ulcers, cancers, 
diverticula, evidences of obstruction, inflammation of the stomach and of the small 
and large bowel, and hernias of one sort or another. All of these except cancer usually 
have specific symptomatology, concerning which a patient would undoubtedly 
seek advice. The cancer phobia among lay persons today is great, and | believe 
that in most instances in which an x-ray of the gastrointestinal tract has been included 
in a periodic health examination it has been put there in order to reassure the patient 
that he has not cancer of the stomach or intestinal tract. I believe that any time a 
patient can be reassured concerning the cancer problem it is a fine idea, but let us 
return again to the practicality of such an investigation in surveying persons without 
specific reason. Many times the patient who has had a complete gastrointestinal 
x-ray seems to leave the physician’s office with the feeling that because he has had 
this x-ray he is being protected against cancer. Certainly such is not the case, and a 
false hope and a false sense of security should not be given to the patient in this 
regard. Let us examine, then, the use of the x-ray with respect to early diagnosis of 
cancer. I think the first thing that must be pointed out is that the effectiveness of 
x-ray diagnosis depends upon the skill of the roentgenologist. Many times periodic 
surveys are conducted by persons who are not of the highest skill in the use of 
roentgenography, and therefore a false sense of security is gained from a so-called 
negative gastrointestinal series. In addition, it must be realized that, even in the 
hands of the most skilled person, only lesions which are gross enough to cause 
rigidity and deformity of the gastric walls or definite ulcerations visible to the naked 
eye could be expected to cast shadows of diagnostic importance. Thus, evidence from 
an x-ray series must frequently be judged in the light of clinical and other tests, 
unless the lesion is so extensive as to be beyond the operable stage. 

What, then, can be done concerning the early diagnosis of particularly gastric 
cancer? I pick gastric cancer ° because it is the one with which we are getting the 
worst results these days and the one which is most commonly found in men, middle- 
aged to old-aged. I believe that the best thing we can do is to realize that even the 
physician with gastric cancer is just as slow in getting into the hands of a surgeon 
as is the layman ; perhaps education on the part of both the physician and the patient 
will do as much as can be done for the early detection of carcinomatous lesions. 
When dyspepsia develops in a middle-aged person, when dyspepsia is not an average 
thing for him to have, and when he belongs to the age group in which cancer is a 
probability, complete investigation should be done. Unexplained weight loss in 
persons of middle to old age is also of such importance that it should call the attention 
of the physician to the possibility of cancer. I think it is accepted by such staffs as 
the Memorial Hospital in New York and the Mayo Clinic that screening by x-ray is 
still an impractical method for gastric cancer detection in large groups. Some 
physicians accept that from 0.2 to 0.5% of patients without gastric complaints may 
be detected as having gastric cancer by mass roentgenologic studies, but at present 
such a method of finding early carcinoma is not a practical one. Certainly those 
persons with low stomach acid, pernicious anemia, gastritis, and a family incidence 


6. Berkson, J.; Walters, W.; Gray, H. K., and Priestly, J. T.: Mortality and Survival in 
Cancer of the Stomach, Proc. Staff Meet., Mayo Clin. 27:137 (April 9) 1952. LaDue, J. S.; 
Murison, P. J.; McNeer, G., and Pack, G. T.: Symptomatology and Diagnosis of Gastric 
Cancer, Arch. Surg. 60:305 (Feb.) 1950. 
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of cancer should be screened at periodic intervals, but whether or not this should 
be included as part of periodic health surveys of industrial employees in general is 
certainly a question for serious discussion because of the expense and time required 

What about serological tests for syphilis on persons presenting themselves for 
periodic medical evaluation? Certainly the younger-aged group and those receiving 
preemployment examinations should have serological studies done in a screening 
process. In the case of the middle-aged or elderly executive, who has settled in life, 
is usually married, and who knows whether or not he has been exposed, I believe 
that a serological examination should be put more on a voluntary basis than handled 
as a routine procedure. With this attitude, certainly the expense of performing such 
tests would definitely be cut to a minimum, and yet they would not be absolutely 
eliminated from this type of medical survey. 

I realize that the remarks made this morning are provocative. I know that people 
will disagree with them, and I trust that, if nothing else, they will produce discussion 
and thus call the subject of periodic health examinations to the attention of more 
students of public health in internal medicine. It is easy enough to sit down and 
say, “If we do a $30 examination on a $5,000-a-year employee, we must do a $300 
examination on a $50,000-a-year employee.” The latter figure is certainly propor- 
tional. However, I wonder whether the added expense is justified and whether the 
medical profession is not just trying to add up a sufficient number of tests to reach 
the $300 mark. I think if we will realize that periodic health examinations are made 
not for the purpose of competing with diagnostic clinics but for the purpose of calling 
the matter of health to the attention of employees, of picking up silent diseases which 
may be corrected or slowed up in their course of progression, and of giving advice 


and encouragement to those with definite physical disabilities who are continuing 
in their daily work, then we shall have done about as much as we can do with our 
present knowledge. I believe in periodic health examinations, I want to encourage 
them, but I do not want to oversell them and thus sell ourselves right out of the 
market. 
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IMPROVEMENTS IN THE RAPID SCREENING METHOD 
FOR LEAD IN URINE 
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URING the past few years, the use of the rapid screening test for lead in 

freshly voided urine* has confirmed the practicability of the procedure when 
applied to the problem of the rapid appraisal of the occupational lead exposure of 
groups of workers. However, experience gained in its application to some thousands 
of spot samples has led to a number of revisions which greatly improve the reliability 
and the convenience of the method. 

While the original procedure was satisfactory when applied to the urine of 
persons whose exposure was limited to inorganic compounds of lead, its applicability 
as a measure of the urinary lead excretion of persons exposed to tetraethyl lead was 
open to question because of the possibility that the early degradation products of 
tetraethyl lead in the urine might be composed in part of organic compounds of lead. 
When the method was employed in parallel with a more precise method involving 
the destruction of organic substances in the preparatory steps,? it was soon apparent 
that the original screening method yielded low results when there was direct 
evidence of exposure to tetraethyl lead. The discrepancies between the findings by 
the two methods are indicated in Table 1. The discovery of these discrepancies 
resulted in a revision of the method which has been made the subject of this paper. 


EXPERIMENTAL PROCEDURE 


Apparatus.—The apparatus used in the tests for lead in urine consists of the following: 

Centrifuge tubes, 50 ml. capacity graduated at 40 ml., round bottom. 

Centrifuge, capable of handling 50 ml. tubes and contents at a speed of 2,500 rpm or more. 

Photometer, any type suitable for clinical purposes, such as Lumetron No. 400 (filter, 510), 
Coleman Model 6 spectrophotometer, or any of the Beckman models. Cell length, 10 mm. or 
more. 


Separatory funnels (125 ml.), Squibb type. 


From the Chambers Works, E. I. du Pont de Nemours & Company, Penns Grove, N. J., 
(Dr. Woessner) and Kettering Laboratory, Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine (Mr. Cholak). 

1. Cholak, J.; Hubbard, D. M., and Burkey, R. E.: The Determination of Lead in Freshly 
Voided Urine: A Rapid Screening Test, J. Indust. Hyg. & Toxicol. 30:59, 1948. 

2. (a) Bambach, K., and Burkey, R. E.: Microdetermination of Lead by Dithizone with an 
Improved Lead-Bismuth Separation, Indust. & Engin. Chem., Analyt. Ed. 14:904, 1942. (b) 
Cholak, J.; Hubbard, D. M., and Burkey, R. E.: Microdetermination of Lead in Biological 
Material with Dithizone Extraction at High pH, Analyt. Chem. 20:671, 1948. 

3. Footnote deleted. 
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Reagents.—The reagents employed are as follows: 

Hydrochloric acid, C. P., sp. gr. 1.19. 

Ammonia, C. P., sp. gr. 0.900. 

Chloroform, C. P. (may be redistilled), stabilized by the addition of 10 ml. of absolute 
alcohol per liter. 

Precipitating Solution: To 2.5 gm. of calcium carbonate (calcite) add just sufficient hydro- 
chloric acid to effect solution (7 cc.) ; add 2 gm. of diammonium phosphate and make up to 


100 ml. with distilled water. If phosphate precipitates out, add hydrochloric acid drop by drop 
until the solution clears. 


Taste 1.—Comparison of Analytical Data Obtained on Identical Samples of Urine by Original 
Screening Method and More Elaborate Procedure Involving Ashing 
(Results Expressed as Mg. of Lead per Liter of Urine) 


Method 
Screening Employing 
Method * Ashing 2 


Buffer Solution: Place 100 gm. of citric acid in 70 ml. of water and then add reagent 
ammonium hydroxide until the solution is just alkaline to phenolsulfonphthalein (phenol red). 
Cool, add 5 gm. of potassium cyanide and 2.5 gm. of sodium sulfite, and dilute the solution of 
250 ml. with distilled water. Delead by shaking the solution with repeated portions of a solution 
of dithizone in chloroform (30 mg. per liter) until the dithizone retains its original green color. 
Wash the aqueous solution with 25 ml. portions of chloroform until all excess dithizone is 
removed. 

Iodine Solution: Dissolve 150 gm. of potassium iodide A. R. in a minimum amount of water, 
make acid to Congo red paper with a few drops of nitric acid (1:1), then dissolve 75 gm. 
of iodine A. R. in this potassium iodide solution. Make up to 250 ml. with distilled water. 

Sodium Sulfite Solution: Dissolve 20 gm. of sodium sulfite A. R. in water and make up 
to 100 ml. with distilled water. 

Dithizone Chloroform Solution: Due to the instability of occasional batches of the buffer 
solution described elsewhere, the dithizone is no longer added to the buffer solution but is 


250 
No. 
0.085 0.118 
0.088 0.078 
0.028 0.058 
| 
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prepared separately. Stabilize 1,050 ml. of chloroform A. R. (distilled in pyrex®) by shaking 
with 100 ml. of water containing about 0.5 gm. of hydroxylamine hydrochloride, which solution 
has been made alkaline to phenolsulfonphthalein by the addition of several milliliters of distilled 
15% ammonium hydroxide. (Ammonia gas dissolved in lead-free water also is satisfactory.) 
Allow to settle until clear, then withdraw 1,000 ml. of the chloroform, and add to it 46.0 mg. 
of dithizone. Store in a dark-red bottle. (This solution will remain stable for one week at 
26 C. or lower.) 

Procedure.—The experimental procedure consists of the following steps: 

1. Measure 40 ml. of urine into a 50 ml. graduated pyrex® centrifuge tube (previously 
deleaded by rinsing with 1:1 HNOs and copious quantities of lead-free water ). 

2. Add exactly 1.5 ml. of iodine solution (using a Mohr pipette).* Swirl tube. 

3. Heat the prepared urine for 15 minutes at 80 to 85 C. A water bath with a suitable rack 
will handle 30 to 50 tubes simultaneously. 

4. Cool to 20 to 25 C. with cold water. 

5. Add exactly 1 ml. of the sodium sulfite solution (using a Mohr pipette). Swirl tube. 

6. Check with potassium iodide starch paper. If the paper turns blue on testing any one 
sample, add more sodium sulfite solution. Readjust all samples with an equivalent amount of 
sodium sulfite. 

7. Add 1 ml. of precipitating solution. Swirl. 


8. Add 1 ml. of ammonium hydroxide, 28% C. P. Swirl tube. Check pH with hydrion 
paper. If pH is not 9 or 10, add additional ammonium hydroxide dropwise in equivalent amount 
to all samples. 

9. Centrifuge for five minutes at 2,000 to 2,500 rpm. 

10. Decant the supernatant liquid, add 5 drops (0.3 ml.) of concentrated hydrochloric acid, 
and allow the precipitate to dissolve completely. Add 25 ml. of distilled water and wet the 
inside of the centrifuge tube completely with the resultant acid solution. 

11. Transfer the solution quantitatively to a Squibb type, 125 ml. separatory funnel, and 
adjust to 40 ml. with distilled water. 

12. Add 50 ml. of chloroform. Shake for one minute and discard the chloroform layer 
quantitatively. It is permissible to discard up to 2 ml. of sediment with the aqueous layer to 
minimize emulsions in step 13. 

13. Add 30 ml. of the buffer solution and then exactly 10 ml. of the dithizone chloroform 
solution. Shake for 30 seconds. 

14. Introduce a pledget of cotton into the tip of the separatory funnel, and rinse the cotton 
by discarding 1 to 2 ml. of the chloroform layer through the plug. 

15. Fill the cell of a suitable photometer with the remainder of the chloroform solution, 
and measure the density or transmittancy at 510 mz, 

The photometer readings are evaluated from a calibration curve which is prepared previously 
by adding known amounts of lead to 40 ml. of distilled water and dealing with them in precise 
accordance with the procedure just described. A blank of 40 ml. of distilled water added to the 
specimen bottle and treated exactly as the series of samples handled on any one day gives the zero 
point of the calibration curve and corrects for the lead present in the reagents and for chance 
contamination from the handling of the bottle. 


COM MENT 


The method described above has been designed to be applied directly to freshly 
voided urine in order to permit the analyst to obtain results without undertaking 
the more time-consuming ashing procedures. In this connection it should be pointed 
out that if ashed samples of urine are used steps | through 12 may be omitted, and 
the lead can then be extracted and estimated in only 3 or 4+ manipulative steps. 
In this case, a solution of the ashed urine would have to be adjusted to a pH 
corresponding to that of step 10 before proceeding with steps 13, 14, and 15. The 
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time gained in carrying out the final lead estimation by this modification does not 
appear sufficient to compensate for the time lost in ashing the sample. The approach 
used, however, should be determined by individual laboratory requirements and the 
personal experience of the analyst. 

In this discussion the assumption is made that freshly voided urine will be used 
without ashing. The time required to convert organic lead to inorganic lead by 
means of iodine was tested with urine specimens to which known quantities of 
tetraethyl lead in methyl alcohol had been added. Table 2 gives the results of an 
investigation undertaken to determine the optimum time at 80 to 85 C. needed to 
convert the lead to the inorganic form. From these data it was concluded that 
the maximum time required was 15 minutes. Iodine was chosen as the oxidizing 
agent because of the ease of removing the excess iodine with a concentrated solution 
of sodium sulfite. 

It sometimes happens that it is not possible to process all samples collected on 
the same day. In these cases we have found that the addition of 1 ml. of formalde- 


TasLe 2.—Determination of Length of Time Required to Decompose Tetraethyl Lead in Urine 
by Treatment with Iodine at Temperature of 80-85 C. 


Pb as TEL Added, Pb Found, Urine at 
Material Mg./ Liter Mg./ Liter 80-85 C., Min. 


Series I 


Series II 


hyde (1 vol. 37% HCHO to 3 vol. H2O) to the spot specimen immediately after 
it has been voided will minimize emulsion difficulties, especially with specimens 
that must be held for 24 hours prior to analysis. We have also found that composite 
specimens of urine collected over a period of 7 to 10 days if protected by the addition 
of formaldehyde (50 ml. per liter of urine) give satisfactory results when handled 
by the revised screening method. In these cases we have found that, after vigorously 
shaking the samples, the removal of a 40 ml. aliquot gives results which agree 
quite well with the determinations made in the usual manner on the remainder of 
the samples. Table 3 illustrates the agreement obtained when analyzing a 40 ml. 
aliquot by the revised screening method and the total remaining sample by the 
regular method.? 

In connection with possible interference by bismuth, it should be pointed out 
that, although this is a distinct danger requiring corrective measures when tissues 
and feces are being analyzed,” the amount of bismuth encountered in the urine is 
generally so small that its estimation as lead by the screening method will rarely 
invalidate a lead finding in the higher concentration levels. (A clinical history 
obtained when the urine specimen is collected will warn of any bismuth used for 
medication.) A far more serious interference would be that of thallium (ous), 
but fortunately this metal is used so rarely industrially that its presence in the urine 
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TABLE 3.—Comparison of Analytical Data Obtained on Identical Samples of Urine by Revised 
Screening Method and More Elaborate Procedure Involving Ashing 
(Results Expressed as Mg. of Lead per Liter of Urine) 


Revised Method 
Screening Employing 
Method Ashing 
0.03 
0.07 
0.16 


TaBLe 4.—Extent to Which Thallium Interferes with Extraction of Lead 
(Results Obtained with 100 MI. of Urine to Which Known Quantities of Lead and Thallium 
Had Been Added*) 


Pb in Urine, y Pb Added, y Tl Added, y Pb Recovered, y 
9.9 
49.0 
43.6 


9.1 
17.4 
17.6 


* Samples ashed and lead extracted at pH 11.5.2” 


Sample 
No. 
0.03 0.02 
kis 0.04 0.05 
4 0.07 0.08 
10.0 0 10.0 
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is very unlikely. (If, however, thallium is suspected, it may be removed after step 
12 by shaking with 10 ml. of the dithizone solution.* The lead may then be extracted 
from the aqueous layer as before. Thallium [ic] may also be removed at step 11 
by the ether separation technique described by Sandell.°) 

In connection with the possible interference by thallium (ous) in the extraction 
of lead by dithizone, experience has indicated that thallium (ic), if present, may 
be reduced in part to the thallous ion by the sulfite or by hydroxylamine hydro- 
chloride and will be extracted with lead at the pH used for the extraction. The 
extent of this interference is indicated in Table 4, which gives the results obtained 
with ashed urine samples to which known quantities of lead and thallium had 
been added. 

Stannous tin, if present, would also interfere, but it is not likely to remain as 
such in prepared samples subjected to the oxidation step. No evidence of inter- 
ference by tin has ever been noted in the determination of lead with dithizone. 
In our laboratories, lead has been extracted quantitatively from biological material 
(feces) containing as much as 30 to 40 mg. of tin. 

The above discussion applies only to urine samples and to the application of the 
revised method to this material for the rapid appraisal of exposure to lead in 
industry. On the basis of an experience of two years, the improved method, as 
described, has proved to be practical for the appraisal of the severity of the exposure 
of personnel engaged in the manufacture of tetraethyl lead. The determination of 
absolute quantities of lead requires a more precise method in which all interferences 
are specifically eliminated. Such a method is the ashing method refetred to above.’ 


4. Winn, G. S.; Godfrey, E. k., and Nelson, K. W.: Polarographic Procedure for Urinary 
Thallium, read at the Thirteenth Annual Meeting of the American Industrial Hygiene Associa- 
tion, Cincinnati, April 21-24, 1952. 

5. Sandell, E. B.: Colorimetric Determination of Traces of Metals, Volume III, Chemical 


Analysis: A Series of Monographs on Analytical Chemistry and Its Applications, New York, 
Interscience Publishers, Inc., 1944. 
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A RATIONAL APPROACH TO AIR-POLLUTION LEGISLATION 


The original paper by George E. Best, entitled “A Rational Approach to Air-Pollution Legis- 
lation,” was published in the ARCHIVES in June, 1952 (pp. 517-526). Mr. Wurts met with some 
of Mr. Best’s Committee of the Manufacturing Chemists’ Association, discussed the matter with 
them, and then asked us if he might publish some comments from the viewpoint of officials 
engaged in pollution control. We welcome Mr. W'urts’s discussion and print also Mr. Best's reply. 


Puitire Drinker, Chief Editor. 


To the Editor:—The report of the Committee on Air-Pollution Legislation of the Manufac- 
turing Chemists’ Association, Inc., I feel sure, has helped to crystallize the thoughts of many 
air-pollution control officials as well as others familiar with this activity. It has served to 
objectively focus attention on the practical aspects of the legislative problem. 

There are many very admirable thoughts expressed in this paper, and, as a matter of fact, 
barring certain practical aspects and ruling out any consideration of politics, it is an excellent 
approach. 

The author speaks of topography and air movement as affecting the dispersal of air pollutants, 
but he has omitted two most important factors of meteorology—namely, air stability and the 
presence of active aerosols. In many areas meteorological phenomena may constitute a 75% 
factor in the air-pollution-control problem, leaving only 25% to those endeavoring to abate 
pollution. It is to be hoped that as research progress is made one of the first items in importance 
will be a study of atmospheric inversions, after which it may be possible to learn how to cope 
with them. Some work, notably that of Dr. George R. Hill, of the American Smelting & 
Refining Company, has gone on in certain areas, but much more must be done before we can 
draw any set conclusions. 

Legislation, centralizing the registration of effluents at the state level (whether this be done 
by means of the permit system or by some other form of registration), is impractical, is cumber- 
some and would defeat its own purpose. In the discusser’s own area, embracing approximately 
700 square miles, the task of registering all effluents, after three years’ intensive effort, is by no 
means finished. An analysis of the inventory so compiled, even in this comparatively small area, 
would be an undertaking of considerable magnitude. 

Legislation is recommended to set up a technical research bureau at state level. This also is 
deemed impractical for two reasons: 

1. In most states the problems in different areas are so varied that a state bureau 
would be overwhelmed with the multiplicity of problems. 
2. Properly informed and experienced personnel could not be recruited to undertake 
such research activities at the salaries that are generally available. 
It is safe to predict that if local enforcement agencies depended on such technical bureaus for 
solution of problems and for guidance in writing local regulations, such local legislation would 
be most distasteful to industry. 

All thinking industries today realize that air pollution control has become just as much a part 
of our economic life as sewage disposal. The only economically efficient way in which to cope 
with the major sources of air pollution is to have industry itself inaugurate research which will 
result in finding practical means of controlling their own effluents. This is a far more economical 
approach than to have industry and citizens pay for an inefficient bureaucratic research organiza- 
tion through taxation. 

It is freely admitted that in one or two special instances, of which possibly Los Angeles 
is the most outstanding, there may be certain combinations of effluents arising from various and 
sundry industrial activities that require special research treatment. Even in Los Angeles a large 
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part of the research is financed by industry. In the vast majority of industrial areas, the control . 
of air pollution from the various industries is something that must be undertaken by the indus- 
tries themselves. Knowledge of what constitutes many industrial air pollutants—let alone the 
manner in which to effectively cope with such pollutants—is for all practical purposes completely 
unknown, and the problem must be attacked promptly and vigorously. After these basic industrial 
pollutants have been brought under control, there will be ample time for giving consideration 


to the setting up of tax-paid research bureaus for the study of what might be called “fringe” 
combinations. 


The thought of having a local commission serving without compensation to administer the 
control of a local air-pollution area is scarcely practicable although idealistically desirable. In 
these busy times a commission of five or seven civic-minded citizens having the necessary time 
and ability to devote to such an activity is not possible of attainment. A successful bureau must 


be technically staffed and should be directed by one person identified with the local municipal 
administration. 


The reason for placing the control bureau under local administration can be understood when 
it is realized that it must obtain the cooperation of the legal department, the police department, 
the fire marshal, the bureau of weights and measures, the purchasing department, the bureau of 
tests, and others, because they are a very necessary adjunct to the bureau. 


An air-pollution-control bureau, based on political appointment, will soon meet its Waterloo. 
The most effective deterrent to political influence in the bureau is the appointment of an advisory 
committee made up of civic-minded industrial, labor, and social leaders strongly behind the bureau, 
backed up by technical subcommittees recruited from the best talents of industry. As a matter 
of fact, the head of the bureau should, in effect, be appointed by such an advisory committee and 
it should be his duty to recruit his own technical staff. This is entirely feasible provided there 
is the proper attitude at the executive level of the local municipality. 


Technical subcommittees mentioned in the previous paragraph are most important. It is 
impractical and economically not feasible for an air-pollution-control bureau to have on its staff 
technical men thoroughly versed in all the industrial processes and problems in the area. There- 
fore, when a problem arises which is beyond the knowledge of the staff of the bureau, the bureau 


head should be able to turn to the proper technical subcommittee for unbiased advice on the 
particular problem involved. It has been the general experience that this advice is given unstint- 
ingly and without prejudice. 

The Committee recommends strongly against the use of the permit system and substitutes 
for it a “registration of effluents.” Basically this is improper because it does not permit the 
bureau to determine fundamentals that create the effluent and, so far as possible, deter the 
purchaser of the equipment from buying something that, after it has been installed, will violate 
the air-pollution legislation. There are many instances of purchasers of apparatus who know 
nothing whatever of the characteristics of the equipment for which they are spending their money. 
The result is that, were it not for the review afforded before issuance of an installation permit, 
many persons would spend their money for equipment that would obviously violate the air- 
pollution-control ordinance. 

Variance permits are used only in Los Angeles, and, if the committee setting up the variance 
is properly versed and has a thorough knowledge of the process involved, there is a definite 
advantage in such variance permits. However, unless the variance committee has such knowledge 
and is definitely conscientious, variance permits can do considerable harm. 


As to the generally accepted permit system, it has two and only two real purposes: 
1. To obtain an inventory of the effluents of the area. 
2. By means of the installation permit for new equipment, to be able to review what 
the owner proposes to install so that the bureau can be reasonably sure that what is pro- 
posed has a chance of meeting the requirements of the local ordinance and that the owner 
is not purchasing something that will be a violator. Then, by means of the operating 
permit, the bureau will be given an opportunity to make sure that what has been pro- 
posed, at the time the installation pérmit was issued, has actually been installed. 
One step further with the requirement that all effluent-producing equipment installed prior to 
the enactment of the ordinance must also obtain operating permits, and you obtain your complete 
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inventory of effluents in the area with a fairly accurate picture of just what effluents are capable 
of being corrected so that the owner of the equipment and the bureau can work together in order 
to arrive at a satisfactory solution. 

The in‘ormation called for in the application for either of these permits should be just as 
simple as possible, and certainly would be no more complicated than information that would 
be required in the “registration of effluents.” A careful review of application forms of a great 
many of the air-pollution-control areas in the eastern part of this country indicates no endeavor 
at any time to delve into the manufacturing process involved or into the design of the equipment 
except those that have a fundamental influence upon the air-polluting effluent. 

The Committee on Air Pollution Abatement very properly and idealistically suggests the 
creation of air-pollution control areas which would go beyond the boundaries of a political sub- 
division or municipality. Desirable as this may be, the whole air-pollution movement has not yet 
attained stature which would dictate the necessity of extending beyond existing municipal boun- 
daries. Fundamentally, municipalities are extremely jealous of their prerogatives. It is only in 
extreme cases, such as the Ohio River Valley Water Sanitation Commission, the Interstate 
Commission on Potomac River Basin, or the International Joint Commission (Detroit-Windsor), 
that it has been possible to break-down these barriers and.jealousies. 

Basically, there must be created a spirit of mutual confidence between industry and the air- 
pollution-control bureau and its officials. Poorly drawn legislation, administered properly and 
on a cooperative and understanding basis, can do far more good than the best legislation improp- 
erly administered. Industry in any area is one of the largest, if not the largest, taxpayer to be 
considered by the administrators of the area. If industry considers, and has good reason to back 
up its contention, that an air-pollution-control area does not have a proper and cooperative 
control bureau, it is certainly not beyond the realms of possibility that an industry or a group of 
industries can go to the municipal authority and take steps to see that the bureau be corrected 
in such a manner as to permit of the cooperation just mentioned. Earlier in this discussion I 
emphasized the desirability of an advisory committee, and I again emphasize this feature as the 
means whereby the cooperation and mutual confidence just mentioned can be accomplished. 


325 County Office Building. 


Tuomas C. Wurts, Director, Alleghany County Bureau of Smoke Control, 
Pittsburgh. 


To the Editor:—The Air-Pollution Abatement Committee of the Manufacturing Chemists’ 
Association, Inc., is highly pleased with the interest engendered by “A Rational Approach to 
Air-Pollution Legislation” and is sincerely grateful to Mr. Wurts for his comments in reflection 
of this interest. 

On several points relating to the administration of air pollution control Mr. Wurts’s opinions 
differ from the recommendations of the Manufacturing Chemists’ Association. Considering that 
the source of these opinions is a man of extensive experience in smoke-control administration, 
they merit respectful attention. Accordingly, this reply to Mr. Wurts is not framed as a point- 
by-point rebuttal in debating his opinions. Rather, it is intended to clarify portions of the 
original statement in the interest of a proper understanding of the MCA proposal. 

The most fundamental predication is that air-pollution control defies generalization. Either in 
type or in degree, and usually in both, the air-pollution problem of a given area differs from 
that of every other area, thus pointing to the necessity for an individual solution. Also, it is 
incontrovertible that each area, pollutionwise, is rather limited in extent. In this respect, air 
pollution differs from water pollution, where waste discharges may extend far downstream in 
their influence on water quality. It is logical, therefore, to approach air-pollution control on 
the basis of local pollution areas, defined as zones. Only rarely, however, is air pollution so 
limited in extent that its effects are felt solely within one municipality or county. Thus these 
political boundaries do not serve adequately for specifying pollution zones, and where adjoining 
political entities are involved the concerted efforts of one might be negated by lack of comparable 
effort by the other. There may be little precedent, based on past practice, for the pollution-zone 
concept, but this should not signify that it is impracticable of successful employment. 
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An important tenet of the MCA plan embodies the principle of self-determination, namely, 
the inhabitants of a zone should have the right to determine control requirements for their area. 
Accordingly, control is actually vested therein through a control commission. There is no stipu- 
lation, either expressed or implied, preventing a commission from engaging a paid staff (including 
technical personnel if desired) to assist in fulfilling the commission's responsibilities. However, 
to insure devotion to public interest, it is recommended that commission members themselves 
serve without remuneration. 


So far the picture is one of wholly local activity. But air pollution is already recognized as a 
highly complex subject technically, requiring specialized skills and equipment to cope with it. 
It is a foregone conclusion that most local control units could not afford the facilities required, 
even if sufficient trained man power were available. In order to provide the necessary technical 
service for local control commissions, therefore, it is suggested that these facilities be established 
and maintained at the state level. The primary function of the technical group would be to 
make atmospheric surveys, check effluents, and relate air pollution to undesirable effects needing 
correction. Research in the engineering aspects of effluent control would be secondary, if under- 
taken at all. 

Because it would be virtually impossible for a technical group of reasonable size to examine 
_and analyze all the effluents throughout the state, the plan calls for registration of effluents by 
those responsible for them. The intent, of course, is that the technical group would be empowered 
to request the registration of essential data about those effluents which are considered to be 
significant from the standpoint of air-pollution, not that registration of every effluent would 
automatically be mandatory. This provides the technical group with an inventory—Mr. Wurts’s 
word is a good one—of effluents for each pollution zone within the state, from which base the 
technical program may be planned. 


Effluent registration having provided the required technical information about emissions to the 
atmosphere, permits merely introduce an unnecessary complication and constitute an unfair 
burden of responsibility on the control organizations—a responsibility which actually they are 
not in a position to assume. The installation of proper control equipment avails little if it is not 
operated properly. Moreover, although control organizations may on occasion be able to judge 
the suitability of equipment for some of the less complex problems of effluent control, it is 
certainly true, as Mr. Wurts states, that it is not feasible for them to be in a position to pass on 
the merits of devices and methods applicable to all the industrial operations which might be 
represented. 


The Manufacturing Chemists’ Association heartily concurs with Mr. Wurts in espousing the 
belief that sincere cooperation between control organizations and those responsible for effluents 
to the atmosphere, in a spirit of mutual confidence, is the most desirable and the most effective 
means of curing air-pollution ills. The MCA also believes that the “Rational Approach . . .” 
outlines a framework within which such a program can be fostered. 


Georce E. Best, Chairman, Subcommittee on Legislation 
Principles of the Air-Pollution Abatement Committee of 
the Manufacturing Chemists’ Association, Inc., Baltimore. 


Abstracts from Current Literature 


Occupational Diseases and Hazards 
BRONCHOGENIC CARCINOMA AND CHROMATES. S. Imprescra, Dis. Chest 22:347 (Sept.) 1952. 


The author in a limited search in a chromate plant of 400 employees with an annual turn- 
over of about 40 to 50% discovered in a 10-month period, between May, 1947, and March, 1948, 
that seven employees had primary lung cancer. Six employees died within that period, and 
the other in November, 1948. The case histories are given. The chromate concentration in the 
plant was well above the accepted limit of 1 mg. per cubic millimeter. Considering the length 
of exposure and the turnover, an incidence of one case among 600 employees per year is esti- 
mated. The incidence is 166 times that among the general population. The evidence in the past 
and the author’s experience leads only to the view that chromates are definitely carcinogenic ; 
susceptible workers exposed to concentrations of more than 1 mg. per cubic meter of air for a 
duration of seven years—perhaps less—are likely to develop bronchogenic carcinoma. 


Inpust. Hye. Dicest. 


Cuttinc Or Dermatitis. Georce E. Morris and CLarence C. Matoor, Indust. Med. 21:573 
(Dec.) 1952. 


Despite the literature indicating research in this field, cutting oil dermatitis is still as prevalent 
as it was a decade ago. All authors agree that the skin must be thoroughly cleansed of the oils 
in order to prevent dermatitis. These two facts led the authors to investigate the efficiency of 
various cleansers (52 in all) used in industry to remove cutting oils from the hands. Cutting 
oils containing fluorescent substances were rubbed on the skin of the forearm and then the 
cleanser was used. Viewing of the arm under ultraviolet light showed fluorescence after the use 
of all the cleansers, which showed that although the arm appeared to be clean there was residual 
oil. The presence of cutting oil was also shown on supposedly clean wipe rags which had been 
supplied freshly laundered with cleansers which supposedly removed the oil. A new skin cleanser 
(“lixoil”) not yet on the market has been shown to remove all the oil from the skin. 


Mary O. Amowr, Boston. 


EXPERIMENTAL STUDIES IN METAL CANCERIGENESIS: II. EXPERIMENTAL URANIUM CANCERS 
IN Rats. W. C. Hueper, J. H. Zuerre, A. M. Link, and M. G. Jounson, J. Nat. Cancer 
Inst. 13:291 (Oct) 1952 


In view of the rapidly increasing mining and milling of uranium ores, it appeared to be 
important to investigate whether or not cancers might develop from a tissue into which metallic 
uranium was placed in the form of a depot, producing thereby a high local concentration of 
uranium over a long period of time The uranium used was a pure alpha-ray emitter. In the 
experiments described, the powdered uranium was incorporated into hydrous wool fat (lanolin). 
The suspension contained 25% uranium by volume and 60% by weight. There was approxi- 
mately 50 mg. of uranium in 0.05 cc. of the suspension. 

The deposition of approximately 50 mg. of uranium into the marrow cavity of a femur 
resulted in the development of 11 sarcomas at the site of injection among 33 rats, of which 30 
survived the minimal latent period of six months. The intrapleural administration of approxi- 
mately 300 mg. of uranium, given in six monthly injections, caused the appearance of two 
sarcomas originating from the chest wall among 33 rats thus treated. Two of the 13 sarcomas 
were bone-forming, and 6 produced metastases in the inguinal, abdominal, or mediastinal lymph 
nodes and/or the lungs. 

All the sarcomas either surrounded uranium deposits or were found in the immediate vicinity 
of them. It is uncertain whether the sarcomas were due to a metallocarcinogenic action of 
uranium or were caused by a radiocarcinogenic effect of this radioactive chemical. 
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The observations reported demonstrate that localized uranium deposits in the tissues of 
rats, creating a high concentration of uranium in circumscribed areas, and the prolonged action 
of the uranium in “nontoxic” or low-toxic quantities on the cells in the immediate vicinity of 
such foci exert a definite carcinogenic effect. None of the 13 sarcomas seemed to originate 
from the endosteum. The sarcomas appeared either to be of periosteal origin or to stem from 
mesodermal elements of the thigh muscle. 


MusHRoom Dermatitis. H. H. Hopkins, Maryland M. J. 1:504 (Oct.) 1952. 


The case reported concerned a man, aged 40, who complained of an itching eruption on his 
hands and eyelids. For about one year he had been working in a plant where mushrooms were 
grown commercially. His job consisted of working the beds and picking and packaging the 
mushrooms. 


Four months previously, the patient had picked mushrooms in a room which had _ been 
profusely dusted with an insecticide powder said to contain a nicotine compound. Four days 
after this exposure, blisters appeared on the pads of the fingers and thumb of the left hand, 
which he used to pluck the mushrooms, and on the pad of the right thumb, upon which impinged 
the cutting edge of a knife used to cut off the root of each mushroom. The eruption persisted, 
and in a few days the eyelids became swollen and inflamed. The patient, according to his subse- 
quent story, was convinced that the condition was caused by exposure to the insecticide. He 
continued to work but in two weeks was forced to stop because of the severity of the inflamma- 
tion on his hands and eyelids. A physician told him it was “ringworm” and recommended local 
treatment. After being away from work for two weeks, the patient said the condition greatly 
improved, but a relapse occurred after he returned to work. Subsequently he had repeated 
remissions and exacerbations. 


The history and distribution of the eruption indicated that it was caused by contact with 
either the mushrooms or the insecticide, and the eyelid involvement was due to the same con- 
tactant being transferred to the eyelids by the fingers. Patch tests proved that mushrooms were 
the cause of the eruption. After the patient was removed from all contact with mushrooms, 
recovery was almost complete in seven days. 


Causes oF CuttinG Orr, Dermatitis. G. E. Morris and C. Matoor, New England J. Med. 
247:440 (Sept. 18) 1952. 


Cutting oil dermatitis was almost as prevalent in Massachusetts in 1951 as it was in 1943 
in spite of preventive measures ; so the authors undertook an additional investigation. Fluorescent 
oils were rubbed onto the forearm and were washed off with various hand soaps, sand soaps, 
cornmeal cleansers, sulfonated oils, and several common household detergents, 28 in all. In 
every case, fluorescence of the skin indicated that not all of the oil had been washed off. A 
test on wipe rags supplied to the workers showed similarly that oil had not been completely 
removed in laundering. Cutting oil dermatitis therefore can be attributed to oil that remains 
on the skin and to oil from supposedly clean rags. Another factor is lack of protection of 
the worker. Old-fashioned machines that spread oil all over the worker should be replaced. 
Otherwise, protective sleeves and aprons should be supplied. An investigation of protective 


creams will be reported later. Inpust. Hyc. DicEst 


CytoLocicAL ConTRoL IN OccupATIONAL CANCER OF THE BLappER. J. G. S. 
Crabs, Brit. M. J. 2:1072 (Nov. 15) 1952. 


Among workers in certain departments that manufacture or use dyestuff intermediates, 
occupational bladder tumors have developed. In some countries routine cystoscopies are done 
at certain intervals on exposed workers in order to detect tumors at a stage early enough to 
insure successful treatment, but in Britain routine cystoscopy has never commended itself to 
workers. Only when by the repeated and increasing appearance of red blood corpuscles in the 
urine the presence of a tumor is rendered probable are workers amenable to persuasion and 
agree to undergo cystoscopy before and periodically after appropriate operation or treatment. 


The Papanicolaou smear technique for the detection of tumor cells has been applied to the 
urines of 1,000 workers in three dyestuffs factories where there was a hazard due to carcinogens. 
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Twenty-six cases were reported as suspicious or positive. Of these, 19 were confirmed by 
cystoscopy, 3 were suspicious on cystoscopy, and 4 were false positives. There has been one false 
negative result. In six of these cases the diagnosis was confirmed by cystoscopy in the absence 
of hematuria or other signs of bladder disease. These cases demonstrate the great value of 
the cytologic smear method. The presence of a tumor can be diagnosed on the appearance in a 
smear of a number of single cells not necessarily arranged in clusters. The diagnosis of a tumor 
cell rests upon a combination of cytological criteria and requires much training and experience. 

The smear method should be applied extensively in factories where there is reason to believe 
that the workers have been exposed to bladder carcinogens. The search for microscopical 
hematuria should not be abandoned. The two tests should run in parallel. 

By applying the smear technique to workers in whom possible recurrence must be sought for 
years, it may be possible to reduce the number of periodic review cystoscopies. It has already 
been possible to reduce the number of first cystoscopies by about half in the factories referred 
to. 

Acute Course oF Siticosis. W. MouNKE, Ztschr. ges. inn. Med. 7:835 (Sept. 15) 1952. 


A man, aged 36, who had been a prisoner of war until 1947, had had several relapses of 
malaria every year since 1942. 

After he returned from war service in 1947, he obtained work in a bicycle factory, where he 
had to remove rust from bicycle parts by means of sand blasting. When he worked fast, he 
removed the face mask because it annoyed him. He continued this sand blasting work for 
13 months. In July, 1949, dyspnea developed. His respiration was rapid and_ superficial. 
At the same time, he lost weight rapidly. In November, 1949, he was hospitalized on account 
of an attack of malaria. At this time an x-ray of the thorax revealed disseminated spots in the 
lungs in addition to a fine reticulated pattern. While he was in the hospital, high fever suddenly 
developed, and roentgenoscopy revealed pneumonic infiltration of the upper and middle pul- 
monary fields. He did not respond to penicillin. Fever subsided very slowly, but the pneumonic 
infiltrations gradually became lighter, and the general condition improved so that he was 
discharged from the hospital. After a two-week rest at home, his temperature again increased, 
as did also the severe dyspnea, and there were symptoms of cardiac and circulatory weakness. 
X-ray examination still showed pulmonary infiltrations. After eight weeks of hospitalization, 
during which time he received more than 12,000,000 units of penicillin, no noticeable change 
resulted. Temperatures were remittent, but dyspnea, heart, and circulatory symptoms increased, 
and the patient died. Death occurred 17 months after the patient had started to work with 
the sand-blasting apparatus. 

Necropsy revealed a high silicate content of the lungs, such as is ordinarily observed only 
after many years of exposure to air highly charged with silicates. 

Acute silicosis is comparatively rare, although sand blasting is used widely in industry. The 
clinical symptoms of acute silicosis, particularly the severe dyspnea, are explained by the 
extensive endangitic changes in the pulmonary vessels. The author discusses the probable 
etiology of acute silicosis on the basis of research carried out and particularly on the basis of 
the case reported here. 


OccuPATIONAL AsTHMA DvuE To GuM ARABIC IN A PRINTING OFFICE WorRKER. ARNE 
BRUUSGAARD, Nord. hyg. tidskr. No. 11-12 310, 1952. 


Asthma due to gum arabic is rather rare. Asthmatic attacks developed in a printer after 
an exposure of 25 years to acacia. He showed typical allergic skin reactions on scratch tests 
with a printer’s drying spray. The spray contained gum arabic among other substances. The 
patient showed the same reaction to pure gum arabic in 0.1 N NaOH. The skin test was 
negative to the other components. The eosinophilia was 11%. Inhalation of minute quantities 


of gum arabic gave total nasal stenosis, but there was no sneezing or hypersecretion or asthmatic 
attack. Shifting to sprays free of gum arabic stopped the attacks. 


ENGLISH SUMMARY. 
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Industrial Toxicology 
Toxicotocy. L. T. Ann, Rev. Med. 3:265, 1952. 


The author reviews the field of toxicology especially in its industrial aspects, giving brief 
attention to each of the following toxic materials: arsenic, beryllium, cadmium, fluorine, 
gallium, lead, mercury, nitrogen trichloride (agene®), rare earths, silicon, asbestos, tin, benzene, 
halogenated methanes, amino and nitro derivatives, silicones, insecticides, and carbon disulfide. 


Numerous references are given. 
es Inpust. Hy. Dicesr. 


PATHOLOGICAL FINDINGS IN FLUORINE INTOXICATION. LEO SprRa, Exper. Med. & Surg. 
10:54, 1952. 


Fluorine is a substance capable of producing damage in various parts of the body. Apart 
from gastroduodenal lesions which occur in experimental animals and in fatal cases of acute 
intoxication in man, the kidneys are the most frequently affected organ. In experimental chronic 
F poisoning, changes in the thyroids may often be coexistent, but those of the parathyroids, 
hypophysis, and testes require further investigation. Advanced lesions found in the kidneys 


nd thyroic i 
a yroids of experimental rats are recorded Wecudan Se Ande 


PHENOL Stupies: XII. PERCUTANEOUS AND ALIMENTARY ABSORPTION OF PHENOL BY RABBITS 
WITH RECOMMENDATIONS FOR THE REMOVAL OF PHENOL FROM THE ALIMENTARY TRACT OR 
Skin oF PERSONS SUFFERING Exposure. W. B. DEICHMAN, S. WITHERUP, and MARJORIE 
DrerKER, J. Pharmacol. & Exper. Therap. 105:265 (July) 1952. 


The results of animal experiments described are applied to procedures for the most rapid and 
effective removal of phenol from the skin and for its evacuation as soon as possible from the stomach 
and intestine. At the earliest possible time after contact of the skin, the area should be washed 
free of phenol by a virtual flood of water so directed as not to contaminate unnecessarily any other 
areas and so maintained as to remove all but the merest traces of residual phenol from any part 
of the skin. Obviously the clothing should be removed to the extent necessary to permit flooding 
and to prevent subsequent contact. At the earliest possible time after phenol has been swallowed, 
the stomach should be evacuated, not by an emetic but by any mechanical means available. The 
administration of 50 ml. of castor oil without delay will help to reduce injury and may promote 
vomiting. The stomach should, be washed out as promptly as possible, but only when a physician 
is available to determine the fadvisability of passing a stomach tube. The most readily available 
suitable liquid, such as wager, should be employed without delay for washing out the stomach, 
but a 40% solution of “bacto-peptone” is preferable because it reduces the toxicity of the 
swallowed phenol. When the physician considers it safe and advisable, castor oil may be 
introduced into the stomach after gastric lavage. t 


CONDENSED FROM THE AUTHORS’ SUMMARY [INDUsT. HyG. DiGEstT.]. 


Curonic NEUROLOGICAL DISEASE AS A PosstpLE Form oF Leap Potsoninc. E. J. BUTLER, 
J. Neurol., Neurosurg. & Psychiat. 15:119 (May) 1952. 


The author reviews the Jong succession of papers which have dealt with the possibility of 
an association between lead poisoning and disseminated sclerosis and certain other chronic 
diseases of the central nervous system. He concludes that any evidence in favor of this hypothesis 
is purely circumstantial but shows the need for further work on the subject. This paper 
describes such work. 

Using a new absorptiometric “dithizone” micromethod (not yet published), he made estima- 
tions of the lead content of various body fluids in a variety of patients—26 with confirmed 
disseminated sclerosis, 5 with probable disseminated sclerosis, and 56 with miscellaneous chronic 
neurological conditions—and also of tissue from five autopsies. Comparison was made with 
two small groups, in one of which the patients might have had unusual exposure to lead; 
the other was composed of patients with definite plumbism. It was found that urinary lead, 
blood lead, and urinary coproporphyrin values were within normal limits in the patients with 
neurological disease. The level of lead in the cerebrospinal fluid was also normal, though 
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it is pointed out that this had little significance since it is a common finding in patients with 
definite lead poisoning. The postmortem material consisted of cerebral white matter, spinal 
cord, liver, tibia (cortex), and teeth. No abnormality in content or distribution as between 
skeleton and soft tissues was found. 

Dimercaprol (“BAL”) was administered to a small group of neurological patients, and the 
urinary lead excretion increased from twofold to fourfold. This merely indicated excretion 
of normal lead and did not indicate abnormal lead levels in these patients. 

Examination of patients with proved lead poisoning confirmed the fact that lead and copro- 
porphyrin were present in excess in the urine several months after exposure ceased. In a few 
neurological patients, the disease had been present for less time than this. 

The author concludes that these studies do not support the view that lead plays a part in 
the etiology of disseminated sclerosis and of certain other chronic diseases of the central nervous 
system. This is an important paper and confirms the clinical experience of those with a wide 
knowledge of workers with long periods of lead absorption. R. E. Lave [Butt. Hye]. 


Curonic Toxicity oF AMMONIA Fumes By INHALATION. J. H. WeatHERBY, Proc. Soc. Exper. 
Biol. & Med. 81:300 (Oct.) 1952. 


Exposure of male guinea pigs to an atmospheric concentration of 170 ppm of ammonia for 
periods of six hours per day, five days per week for as long as 12 weeks gave no significant 
evidence of chronic intoxication. However, such exposure for 18 weeks resulted in relatively 
mild though definite changes in spleens, kidneys, suprarenal glands, and livers, with severity 
of the changes being most prominent in spleens and least in livers. Hearts, lungs, stomachs, 
and small intestines showed no consistent changes suggestive of chronic intoxication. 


Inpust. DiGcest. 


Bioop CHANGES IN INDUSTRIAL DisEAsEs. RONALD E. Lane, Brit. J. Indust. Med. 9:245 
(Oct.) 1952. 


This paper is the Ernestine Henry Lecture delivered by the author before the Royal College 
of Physicians of London. It discusses the types of blood changes which are caused by industrial 
poisons and the value of these changes to the industrial physician for medical supervision of 
workers. Changes which occur in the circulating blood and those which occur in blood formation 
are considered. Carboxyhemoglobinemia, methemoglobinemia, and hemolysis are discussed. 
The effects on the blood and its formation of benzene are considered in some detail. Blood 
changes resulting from aniline, trinitrotoluene, lead, and ionizing radiations are presented in a 
clear and critical fashion. The need for adequate and controlled blood examinations for the 


prevention of industrial disease is stressed. Many O. Axnun, Boston. 


Acute ACETONE PoIsONING CAUSED BY SETTING FLUID FOR IMMOBILIZING Casts. L. C. 
Harris and R. H. Jackson, Brit. M. J. 2:1024 (Nov. 8) 1952. 


Lightweight casts consisting of glass and textile bandages which are set by means of a 
fluid consisting chiefly of acetone are now used chiefly for the immobilization of limbs. They 
are easily penetrable by x-rays, and so it is unnecessary to remove them for roentgen exami- 
nation. It is not generally recognized that the setting fluid is a potential cause of serious 
poisoning. 

Harris and Jackson give a detailed description of the case of a 10-year-old boy in whom a 
hip spica was applied becayse of tuberculous coxitis. There was used about 72 ounces (2 liters) 
of setting fluid which consisted of 90% acetone. The cast was applied in a room in which the 
heat ranged between 82 and 88 F. A similar plaster was applied to another boy in this room, 
while the first patient remained in the room. The second boy vomited only once 28 hours after 
the cast was applied, but in the first boy severe symptoms developed which are described along 
with a review of three similar cases from the literature. 

After generally a latent period of more than six hours, the patient suffering from acute 
acetone poisoning becomes restless and shortly after begins to vomit with gradually increasing 
frequency. Before 24 hours have clapsed, the vomitus contains altered blood, and by this time 
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the patient is becoming stuporous, with Kummaul or periodic breathing. The degree of collapse 
may become profound, with the patient complaining of intense thirst. The smell of acetone 
on the breath may be striking, and acetone, diacetic acid, and sugar may be found in the urine. 
Recovery begins gradually late on the second day and is eventually complete. 

Under industrial conditions, acetone may cause irritation of the mucous membranes of the 
eye and respiratory tract, headache, fainting, and, in much higher concentrations, narcosis. In 
higher concentrations also, it is more toxic for brief exposures than chloroform and is only 
slightly less toxic than benzene. Severe vomiting, hematemesis, and periodic breathing are 
not features of industrial or experimental acetone poisoning. 

It is striking how in the cases of poisoning caused by the application of casts there has been a 
latent interval before the onset of symptoms, which does not seem to occur under industrial 
conditions. This may be attributed to the fact that it is not uncommon for some people to 
sleep with their heads under the bedclothes, where the concentration of acetone produced by 
vapor from the drying cast might be expected to be high. The first boy was accustomed to sleep 
like this, and thus this habit may at least partially explain the latent period. The possibility 
of absorption of acetone through the skin must also be considered. Furthermore, the pentane 


in the setting fluid may have had an anesthetic effect, but this was probably not an important 
factor. 


SomME Pros_eMs IN ASSESSING THE TOXICOLOGY OF THE ORGANO-PHOSPHORUS INSECTICIDES 


Towarps Mammats. W. N. Atpripce and J. M. Barnes, Nature 169:345 (March 1) 
1952. 


The presence of impurities in quantities so small as to escape detection by chemical tests 
may nevertheless affect considerably the cholinesterase-inhibiting power of certain “purified” 
samples of organo-phosphorus compounds. This gives rise to difficulties in comparing the toxicity 
of these agents by using anticholinesterase activity as a measure of potential toxicity. For 
example, a group of “purified” substituted diethyl phosphates were studied, and good correlation 
between the toxicity to mammals and the ability to inhibit cholinesterase in vitro was found. A 
study of the kinetics of the reaction between these compounds and cholinesterase revealed that 
they all contained an impurity which is likely to have been tetraethylpyrophosphate. This 
substance has much greater activity as an inhibitor of cholinesterase than the diethyl phosphates, 
and when samples free from contamination with the pyrophosphate were obtained, there was no 
longer any correlation between the anticholinesterase activity in vitro and the toxicity. 

Some of the organo-phosphorus insecticides, including parathion, are not powerful inhibitors 
of cholinesterase in vitro but become converted in the animal body into more active inhibitors. 
Samples of “purified” parathion tested for anticholinesterase activity contained impurities, and 
with this, as with other compounds in the group, discrepancies in results obtained by. different 
investigators have already appeared in the published literature. The authors draw attention 
to some of these and refer to work which indicates that there is a relation between inhibiting 
power and stability to hydrolysis of a series of substituted diethyl phenyl phosphates (Aldridge 
and Davison—unpublished results). They state that parathion has approximately the inhibiting 
power in vitro which one would expect from its stability to hydrolysis and suggest that “reports 
of derivatives of thiophosphoric acid having in vitro activities as high as or higher than the 
corresponding phosphates should be regarded with suspicion.” 

There is some discussion on the mechanism by which octamethyl pyrophosphoramide is 
converted to an active cholinesterase inhibitor in vivo although it has no activity in vitro. It 
has been demonstrated that this substance could be converted into an active inhibitor in vitro 
when incubated with slices of liver, and experiments on hepatectomized animals (Cheng, Brit. 
J. Exper. Path. 32:444, 1951) have shown that in the whole animal the liver is the only 
important site of this conversion. The inhibitor produced from octamethyl pyrophosphoramide 
by rat liver slices is more unstable in the presence of alkali than the original compound. 
Differences in susceptibility of animals of the same or different species should be considered in 
assessing the toxicity of organic phosphorus compounds to mammals, as should the route of 
injection and the solvent used. It is important fo select routes of administration that will be 
least influenced by the solubility of the materials being studied. 


P. Lestey Bripstrup [Butv. Hye.]. 


- . 
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PaTHOLoGy oF HyprocarBons. F. MIGNOLEtT, Arch. mal. profess. 13:454, 1952 


Aromatic hydrocarbons should be distinguished from fatty hydrocarbons because their 
toxicity is very different, although the blood picture produced by the symptoms is similar in 
each case. The fact that solvents are usually complex mixtures complicates the medical super- 
vision of workers handling hydrocarbons. Benzene is the most injurious product, being several 
times as toxic as gasoline. Hyperleukocytosis caused by benzene inhalation has been ascribed 
to simple overexcitation of the bone marrow, but recent publications have described cases 
tending toward myeloid leukemia. Whatever the mechanism by which the medullary reaction 
is produced, its existence cannot be questioned. Four workers who inhaled fatty hydrocarbons 
showed clear hyperleukocytosis with manifest polynucleosis. In another worker, a chemist 
employed in a soap factory, weakness, weight loss, and lack of appetite developed; the similarity 
between his blood picture and that seen in aromatic hydrocarbon intoxication led to an 
investigation, which showed that he was using xylene in his work. Appropriate therapy and 
correction of working conditions in the case of each worker led to recovery. The author does 
not believe that a worker who is slightly affected should be forced out of his employment; such 
a course may involve him in serious social difficulties. It is more humane to say that when there 
is contact with a toxin the technical preventive measures are inadequate and should be modified 
to provide safe working conditions. 


INJURIES TO THE CENTRAL NERVOUS SYSTEM IN CHRONIC EXPERIMENTAL POISONING BY 
Hyprocyanic Acip Gas. P. VALape, Bull. Acad. nat. méd. 136:280, 1952. 


The effects of acute poisoning by prussic acitl gas are fairly well understood. In order to 
study the effects of chronic exposure to small doses, dogs were exposed to inhaling a concentra- 
tion of 50 mg. per cubic meter for periods of one-half hour, with intervals first of eight days 
for 12 exposures. The intervals seemed to permit of too complete recovery, so they were 
reduced to two days for 7 to 19 exposures. The dogs showed individual idiosyncrasy to the 
poison, some succumbing while others were hardly affected. The first symptom to appear was 
dyspnea accompanied by nausea, and exaggerated intestinal peristalsis and diarrhea. Nervous 
symptoms came on later, with muscular tremors and loss of equilibrium in which walking was 
ataxic and revolving, advancing to convulsions and tonic contractions. Meanwhile the animals 
lost appetite and weight and died in one to two months. 

Examinations disclosed the presence of intense vasodilatation, with hemorrhages in the central 
nervous system in the frontal, parietal, and temporal cortex of the brain and also in the central 
nuclei, bulb, and cervical cord. Degeneration was found in the nerve cells, particularly those 
of Purkinje, but the pyramidal cells of the cortex and the large multipolar neurons appeared 
to escape. This study suggests that steps should be taken to avoid exposure to even mild 
concentrations of hydrocyanic acid gas and that nervous damage may eventually lead to 
sequelae after the expiration of some time. E. L. Conus [Butt. Hye.]. 


ACETYLENE, OXYGEN, AND CALCIUM CARBIDE: THEIR PRODUCTION AND UsE, ACCIDENT 
EXPERIENCE AND PREVENTION. C. G. KEEL, Gesundheit u. Wohlfahrt 32:137 (March) 
1952. 


The author, Director of the Swiss Acetylene Association, gives a description of the manu- 
facture and uses of acetylene, oxygen, and calcium carbide and reviews the experience in 
accidents in that connection over recent years. 


In the descriptive part, he emphasizes the point of view of accident occurrence, including 
considerable detail on calcium carbide, its manufacture, packing, storage, and transport; 
acetylene, its properties and preparation in solution with acetone; oxygen under pressure in 
metal cylinders ; welding apparatus and installations ; acetylene generators of different types, and 
the arrangement and connection of cylinders in batteries. 

The article concludes with a study of the statistics of accidents and dangerous occurrences 
which have occurred during the five years 1944-1950, comparing these with the figures published 


for similar accidents during the period 1939-1945. E. L. Mippteton (Butt. Hye.] 
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DANGER TO THE WORKER IN THE PRODUCTION AND Use oF CatctumM CARBIDE AND 
ACETYLENE. F. Borspéty, Gesundheit u. Wohlfahrt 32:178 (March) 1952. 


The Swiss Federal Order of February 28, 1950, on Acetylene, Oxygen, and Calcium Carbide 
has directed attention to the importance of these substances from the point of view of industrial 
toxicology. The author discusses the risks to health which arise directly or indirectly in 
connection with their manufacture and use. 

Oxygen can be breathed by man for 16 hours a day without injury, but if this period is 
exceeded or if oxygen under pressure is breathed, signs of poisoning are observed. Calcium 
carbide and acetylene are also free from risk in ordinary industrial use; acetylene breathed 
along with oxygen has a narcotic action in concentrations over 30% and in higher concentrations 
it is asphyxiant, but the precautions necessary against explosion obviate this risk industrially. 
It is possible that slight general symptoms may be caused in workers with acetylene. Generally 
the dangers arise not from acetylene itself but from impurities which it contains or from its 
products in chemical reactions or as a result of the high temperatures produced by the oxy- 
acetylene flame. 

Theoretically, the impurities which acetylene may contain include the hydrogen compounds of 
phosphorus, arsenic, sulfur, and selenium and ammonia, all of which arise from impurities in the 
lime and the coke from which the calcium carbide is made. The toxicology of phosphine, its 
occurrence in acetylene, and the maximum allowable concentrations in the atmosphere are dis- 
cussed. Slight or moderate signs of atypical poisoning by phosphine, occurring as an impurity in 
acetylene, may not be traced to their true source and may give rise to wrong diagnoses, such as 
food poisoning. 

Calcium cyanamide, prepared from calcium carbide, and its effects on the skin, exaggerated 
by personal idiosyncrasy and the taking of alcohol, are discussed, and a severe case showing these 
effects is described. Calcium carbide is used in the synthesis of acetaldehyde, with mercury as a 
catalyst, organic compounds of mercury being formed; the worker is thus exposed to metallic 
mercury and its compounds. A case of severe mercurial poisoning in a worker employed on the 
acetylene-acetaldehyde process was seen at the Zurich Institute and several other cases of chronic 
mercurial poisoning have been found; so far no evidence of poisoning by organic compounds of 
mercury has been observed, but strict preventive measures are enforced. 

The use of acetylene for welding and cutting metal is discussed. The temperature of the oxy- 
acetylene flame at 2,100 to 2,400 C. causes volatilization of manganese, lead and zinc, when 
present, and can also give rise to the formation of nitrous fumes from the atmosphere. Theo- 
retically, production of ozone and carbon monoxide and dioxide and reduction of the oxygen content 
of the air are possible, but the amounts have not so far been found to cause injury to health. The 
composition of the coating for welding rods is referred to; quartz is a frequent constituent, and 
the author has observed, with Professor Geszner, silicon dioxide in welding fume. This raises the 
question whether a risk of silicosis is incurred in welding, and it is suggested that research should 
be made to find the answer. The risks of welding and cutting with the oxyacetylene flame metal 
which has been painted with lead paints, galvanized with zinc, or plated with cadmium or 
chromium are discussed; the author knew of four cases of cadmium poisoning from welding. In 
contrast to the vapors of the other heavy metals volatilized in this way, chromium is not considered 
to be harmful to the health of the workers. The roentgenographic appearance found in the chest 
films of welders has often been seen at the Zurich Institute; it is regarded meantime merely as 
an X-ray appearance, the importance of which only serial examinations can assess. 

Experience and a study of the literature indicate that welding, especially in confined spaces, 
can affect the health of workers adversely. The risk must be avoided by securing good ventilation 
and especially by the removal of poisonous gas and fume by exhaust draught. Chemical analysis 
of the air may be necessary to determine the concentration of the poisonous substances. 


E. L. MippLeton Hyc.]. 
CoMPARATIVE STUDY OF THERAPEUTIC EFFECT OF 2,3-DIMERCAPTOPROPANOL (BAL) oR 


Sopium CITRATE ON EXPERIMENTAL LEAD PorsoninG. S. MOESCHLIN and L. SCECHTER- 
MAN, Schweiz. med. Wchnschr. 82:1164 (Nov. 8) 1952. 


Of 60 guinea pigs poisoned by intraperitoneal injections of a total dose of 240 mg. of lead 
nitrate per kilogram of body weight, 20 were given intramuscular injections of dimercaprol 


> 
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(2,3-dimercaptopropanol, “BAL”) for 14 days, 20 were given a 5% sodium citrate solution 
through a stomach catheter for 21 days, and 20 served as controls. Experimental results 
indicated that dimercaprol is not only ineffective in the treatment of guinea pigs with subacute 
lead poisoning, but it apparently increases the toxicity of the lead. On the contrary, sodium 
citrate revealed itself as an effective therapeutic agent by prolonging the duration of life in 
the animals, by delaying and reducing the occurrence of characteristic changes in the blood, 
such as basophilia, anisocytosis, and poikilocytosis, and by exerting a favorable influence on 
appetite and increase in weight. As a result of this experiment and of additional clinical experi- 


ence, the authors consider the use of sodium citrate as the method of choice for the treatment 
of lead poisoning. 


Caustic AcTION OF CorPER SALTS ON THE NOSE AND THroAT. R. LUCHSINGER, Unfallmed. 
u. Berufskrankh. 44:274 (Dec. 15) 1951. 


The question of the toxicity of copper is discussed and some of the literature is quoted; the 
question is still undecided. There are described the cases of two patients in whom copper 
caused local ulceration and bleeding in the nose and was excreted in the urine. 

The first patient was a physicist working with finely divided copper in the laboratory; a 
small quantity entered the nostrils, causing a burning sensation and slight bleeding, which 
later became severe. The urine contained copper, a trace of albumin, and a few casts and red 
blood corpuscles. On examination, the mucous membrane of the front of the nasal septum 
showed superficial ulceration, but no other noteworthy change in the nose or throat. The 
urine was free of albumin a fortnight later, and the patient was fit and well. The second case 
was that of a galvanizer who worked at a bath containing double cyanide of copper and sodium 
with other compounds. After 14 days of this work he felt a burning sensation in the nose and 
pressure in the head and the nasal region. Examination showed a whitish area on the nasal 
septum and swollen and reddened turbinates. The urine contained no albumin, but leucocytes, 
epithelial cells, and a brick-red sediment were found, and copper was detected in the urine. 

It is suggested that these cases show that copper and copper salts are local irritants and that 
they are excreted by the kidneys; supervision and preventive measures are indicated. 


E. L. Mippiteton [Butt. Hye.]. 


FUNCTIONAL EXPLORATION OF THE KIDNEY IN OCCUPATIONAL CARBON DISULFIDE POISONING. 
ANGELO NUNZIANTE CESARO, Med. lavoro 43:356 (Oct.) 1952. 


Renal function was explored in five workers suffering from occupational carbon disulfide 
poisoning with the use of Romeo’s test. There was noted reduced hourly glomerular output, 
increased tubular capacity of urinary secretion, decrease of the renal index, and slightly per- 
ceptible and unidirectional changes in the tubular diuresis index. 


These changes indicate the presence of a compensated nephropathy in the sense of a glo- 
merular change, but its effects are canceled by changes in the tubular activity, with the result that 
an increase in blood nitrogen does not occur. These results confirm the observations of others to 
the effect that chronic carbon disulfide poisoning may favor the development of arteriosclerosis 


and arteriolosclerosis, which in certain patients may assume a predominantly renal site and 
lead to nephrosclerosis. 


ENGLISH SUMMARY. 


ToxicoLoGy oF DIMETHYL SULFATE. H. RosSMANN and W. GriLt, Zentralbl. Arbeitsmed. u. 
Arbeitsschutz 2:72 (May) 1952. 


Two cases of dimethyl sulfate poisoning are here described. They occurred in workmen who 
in spite of warnings refused to wear respirators and gloves while working for some hours in a 
cellar the atmosphere of which contained considerable amounts of the chemical, owing to a 
fault in a conducting pipe. One of the workmen, aged 40, died. This workman complained first 
of hoarseness which then progressed to an edema of the glottis, bronchitis, and finally an edema 
of the lung. He died in three days. The findings at autopsy are fully described and consisted 
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chiefly of changes in the respiratory tract due to the corrosive action of the chemical, with early 
bronchopneumonia and edema of the lungs. There were also cerebral edema, cloudy swelling of 
the liver, severe conjunctivitis, and loss of corneal epithelium. 

Some of the work of other authors on poisoning by this substance and the pathological 


changes which it produces are described. M. E. Detartetp [Butt. Hyc.] 


HEALTH HaZArDs IN ELECTROWELDERS. F. SoMMER and K. REINHARD, Zentralbl. Arbeitsmed. 
u. Arbeitsschutz 2:79 (May) 1952. 


A careful description of the history and different methods of welding, with particular reference 
to electrowelding and its hazards through exposure to extremes of light and the inhalation of 
noxious gases and vapors produced by the high temperatures of welding, introduces the main 
topic of this study. Personal clinical experience of the authors and the complaints of electro- 
welders suggested that digestive disorders were a particular hazard of electrowelding. Accord- 
ingly, workmen in two factories employing 62 and 42 welders, respectively, were investigated. 
Questionnaires showed that in one factory 40% and in the other 33% of these men had digestive 
troubles. X-ray examination revealed that 10% of all the welders had gastric or duodenal 
ulcers and that in 39% there was evidence of gastritis. It is believed that these are effects 
which constitute a special hazard for electrowelders, and furthermore it is suggested that they 
may be due to manganese which becomes vaporized in the welding of manganese steel. 


M. E. DevarFie_p [BuLt. Hye.]. 


Stupies on ArErosots: XI. INFLUENCE OF PARTICULATE MATTER ON EYE IRRITATION 
PRODUCED BY VOLATILE IRRITANTS AND IMPORTANCE OF PARTICLE SIZE IN CONNECTION 
WITH ATMOSPHERIC PoLLtuTIon. L. DAUTREBANDE, J. SHAVER, and R. Capps, Arch. 
internat. pharmacodyn. 85:17, 1951. 


The eye irritation produced by aerosols generated from aqueous solutions of formaldehyde 
and nitric and sulfuric acid was studied on male subjects exposed to controlled atmospheres 
for three-minute periods. Photographs of the aerosols were obtained with the electron 
microscope. The large particles can be considered responsible for the commonly observed 
symptoms of smog irritation. The small particles may induce chronic organic change in the 


lower part of the respiratory tree; their importance in the air pollution problem cannot be over- 


emphasized. BrotocicaL Asstracts [Inpust. HycG. DiGEst.]. 


SoME INVESTIGATIONS ON HYPERSENSITIVENESS TO BICHROMATE IN CEMENT WoRKERS. J. 
K. ENGEBRIGTSEN, Acta dermat.-venereol. 32:462, 1952. 


Engebrigtsen says that earlier cement/lime eczema was regarded as a purely “toxic” eczema, 
in the pathogenesis of which allergy was supposedly not involved. - In recent years, however, 
some investigators have found that many patients with cement eczema were hypersensitive to 
chromium salts, probably as the result of contact with chromium-tanned leather in gloves 
and shoes. Jaeger and Pelloni found in 1950 that 30 of 32 patients who had cement eczema 
reacted positively to tests with 0.5% potassium bichromate, whereas only 18 of them reacted 
to cement. These authors also ascertained that practically all varieties of cement contained 
minimal amounts of chromium, and they concluded that the so-called cement eczema is actually 
a chromium salt eczema. 

The investigations described in this paper were carried out on about 400 workers who were 
exposed to cement dust, it being assumed that a considerable percentage of these workers 
might be subject to cement eczema. 

Only eight workers were found who had symptoms of cement eczema. These 8 persons with 
cement eczema and 10 persons *with other types of eczema were subjected to skin tests with 
0.5% potassium bichromate and with wet cement. Seven of the eight patients with cement 
eczema reacted to bichromate, and four of them also reacted to cement. None of the other 
eczema patients reacted to the tests. Engebrigtsen assumes that this low incidence of cement 
eczema (only 8 in 400) might be explained by the fact that these workers were exposed to 
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cement mostly in the dry form which is not so irritating to the skin as wet cement. These 
cement factory employees came in contact with wet cement only during rain and when there 
was considerable perspiration at high temperatures. However, because of the higher eczemato- 
genic properties of wet cement, a higher incidence of cement eczema may be expected among 
construction workers and those producing concrete products. 

Analyses of different varieties of cement showed that the chromium content varied from 
0.002 to 0.020%. Eczema tests with washed-out cement (freed of chromium) caused no reaction 
among the four patients who reacted to ordinary cement. 

The tests and analyses carried out indicate that cement eczema has a toxic as well as an 


allergic factor in its pathogenesis. It is probable that the allergen is the water-soluble 
bichromate found in all cement. 


Medicine and Surgery 


Ecc MEMBRANE FOR CHEMICAL INJURIES OF THE EYE: A New ApbjuvANT TREATMENT. 
M. Crott and L. J. Crott, Am. J. Ophth. 35:1585 (Nov.) 1952. 


The delayed corneal healing that is commonly seen in chemical eye injuries is largely the 
result of continual contact with the burned conjunctiva. 

This report describes the insertion of egg membrane between the conjunctiva and the cornea 
to serve as a protective cover for the cornea. Egg membrane is a keratin type of protein which 
is resistant to the digestion of pepsin and trypsin and is insoluble in dilute acids, alkalies, water, 
and organic solvents. 

Among the serious complications that occur in chemical injuries of the eye is the formation 
of adhesions between the palpebral and bulbar conjunctiva, thus obliterating the cul-de-sacs 
partially or entirely. The insertion of egg membrane deep into the cul-de-sacs separates the 
conjunctiva of the globe from that of the lids and permits them to heal without the formation 
of adhesions and without loss of cul-de-sac depth. 

The authors discuss the natural defenses of the eye and then describe their method of inserting 
egg membrane to cover the cornea and to separate the injured opposing conjunctival surfaces. 
Twenty-six patients were treated with egg membrane, with excellent results. Follow-up of 

‘ these patients varied from 1 to 42 months. The procedure is simple, and the materials used are 
readily available. 

Among these patients the function of only two eyes was lost. One injury was due to 
direct involvement with phenol (10.2%). The other injury in which the eye had a severe lime . 
burn was treated late, after 14 days. 

Sequelae, such as corneal scarring, vascularization, ulceration, and recurrent irritability of the 
eye after long intervals, were reduced to a minimum. Symblepharon was never seen in eyes 

treated early with egg membrane. In the late cases, egg membrane markedly suppressed the 
formation of adhesions. 


Environmental Conditions 


BAcTERIA AND Opor ContTroL 1n Occuptep Spaces. R. L. KuEHNER, Heat. Pip. & 
Air Cond. 24:113-118 (Dec.) 1952. 


The results of nine years of basic research into the principles of bacteria and odor control 
are presented. Although these two problems have long been recognized, an ignorance of such 
principles has prevented correlation of the existing voluminous literature. Prior to this time, 
there were no methods by which the merit of air-sanitizing agents could be factually evaluated. 

Experimental results are presented on the study of body and tobacco odors; however, it 
was found that the dilution-threshold method must be used on naturally occurring odor com- 
plexes. The use of this method allows the evaluation of a practical plant and gives basic 
techniques whereby bacteria and odor control work can be conducted in an engineering manner. 

The fundamental nature of experimental results secured by the techniques presented in this 
article presents to the air-conditioning industry a yardstick for further research into air sanita- 
tion and allows uniform evaluation of the results. 


E. MENDENHALL, Cambridge, Mass. 
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ENVIRONMENTAL CONDITIONS WirHin Jute Mitts. K. SuBRAHMANYAN and N. MAJUMDER, 
Indian J. M. Res. 39:595 (Oct.) 1951. 


The paper gives the results of a fact-finding survey carried out in two jute mills on the 
Hooghly River. 

In most departments in these mills the temperatures were consistently higher than those 
prevailing outside. On nearly 36% of the days over a two-year period the external temperature 
was 90 F. or above, but in some departments 90 F. was reached or exceeded on 70 or even 78% 
of the days. In terms of effective temperature, factory temperatures reached 85 to 90 F. on 40 
to 49% of the days in most departments, and there were a few days at both mills when effective 
temperatures exceeded 90 F. 


Some dust counts were made in the various departments with the Bausch and Lomb dust 
counter. The highest counts were found in the batching rooms where fibers are selected, 
mixed, and softened in machines. In the batching rooms at the two mills average counts of 
20,500,000 and 15,700,000 particles per cubic foot were found. These counts are excessive. A 
count of 3,000,0000 particles is said to indicate a degree of dustiness which causes irritation 
in the nostrils of workers. Counts greater than this were found in the preparing, spinning, and 
weaving sections also. 


Records of absenteeism and accidents were obtained and were recorded. The causes of 
absenteeism were many, apart from sickness or accident, and no conclusions could be drawn. 


Production figures showed a seasonal variation with temperature. In the six months from 
March to August, production (tons per 1,000 man-hours) was least, and temperatures were 
highest. Air speed, relative humidity, and illumination gave no correlation with production. 

It is considered that conditions would be improved if air from outside were blown in through 
ducts at about 8 ft. above the floor, thus cooling the air and creating air movement. 


This is an excellent paper describing a valuable study. Tuomas Beprorp [Butt. Hye.] 


Determination of Air-Borne Contaminants 


COMPARATIVE RESULTS OF SIMULTANEOUS SAMPLING BY MEANS OF THERMAL PRECIPITATOR, 
Mipcet IMPINGER, AND SOXHLET THIMBLE. Hasslet:Inst. Hyg. Mines Communication 94, 
Apr. 4, 1952. 


From time to time, over a number of years, simultaneous samples of air-borne dusts in 
mines have been taken by means of thermal precipitator (T. P.), midget impinger, and Soxhlet 
thimble; these results are now brought together and compared. The results for T. P. and 
midget impinger counts are expressed in (1) millions of particles per milligram of dust, (2) 
particles per cubic centimeter of air, and in the case of the T. P. this is also done for the 
different size fractions. In each case, comparison of the results obtained with mass concen- 
trations derived from Soxhlet thimble samples gives self-consistent results. Direct comparison 
of midget impinger and T. P. results, however, shows that even if allowance is made for the 
differences in sizes counted, arising from microscopic technique, the midget impinger counts are 
roughly double the corresponding T. P. counts with low-ash dusts; with high-ash dusts (ash 
content > 25%) the ratio varied enormously but had approximately the same mean value. The 
results are interpreted in terms of the properties of the dust and of the sampling instruments. 


J. McK. Etttson [Butv. Hye.] 


BaG Fittration or AErosots. R. T. Princ, Heat. & Vent. 49:97 (Dec.) 1952. 


The problem of applying cloth filters to fume-producing operations is largely one of cooling 
the gases to prevent heat damage to filter fabrics. Seven examples of hot-gas treatment equip- 
ment are cited. These include filtration of carbon black and fumes from copper, brass, and iron 
melting and from secondary lead smelting. In most cases filter bags were of orlon. 


M. W. First, Boston. 
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Avtomatic Dust Sampter. H. Lioyp, G. E. Winper, and D. A. GILLarb, Safety in Mines 
Research Rep. 29, Aug., 1951. 


Surveys of air-borne dusts call for the use of various types of apparatus. This paper 
describes an instrument which automatically collects filter stain samples of air-borne dust 
underground over frequent consecutive intervals. The samples are rapidly evaluated on the 
surface by means of a densitometer, without the need for highly skilled persons. The filter 
area is constant and precisely determined, and the volume of air sampled and the frequency 
of sampling are rigidly and constantly held at preset values. The instrument is easily mounted 
underground to present its intake orifice in any direction relative to the ventilation air current. 
A vertical elutriator which selects the range of particle size to be sampled may be fitted to 
the instrument. 

The experimental specification provides for four stains per hour, each formed by the dust 
present in a volume of about 4% liters of air. Sampling is continual except for about 10 seconds 
after each stain, while the strip of filter paper is moved on. The motive power is provided by 
low-pressure compressed air controlled by clockwork. 

A full description of the instrument is given, and it is mentioned that complete detailed 
drawings showing its construction are available on application to the Safety in Mines Research 
Establishment. The paper also gives an illustration and a description of the densitometer used 
for evaluating the stains. In an appendix are given details of the densitometric records obtained 
during various mining operations at a South Yorkshire colliery. 


Tuomas Beprorp Hye.]. 


AIRBORNE Dust. J. C. Sproson and W. M. Rosertson, Colliery Guard. 185:91, 152 (July 24, 
31) 1952. 


Dust assessment is first considered. The thermal precipitator is a standard instrument used 
in Great Britain but it is not applicable to routine determinations. The P. R. U. hand pump is 
a useful tool for routine work in which great accuracy is not essential. The konimeter has a 
number of disadvantages but is useful in special cases. Methods of control are next discussed, 
including water infusion and other wet methods of dust suppression, the Belgian type dust 
extractor, and the dry ductor. The dust problem likely to be created by more intensified 
mechanical methods of coal mining was illustrated when a cutter-loader was installed at one 
colliery. The dustiness was considerably reduced by water-spraying systems only when the 
machine was working against the ventilation. The use of wetting agents is the final topic dis- 
cussed. The evidence based on the experience of several collieries is inconclusive. Worker 


education is emphasized as an essential part of dust control. a oe ee 


ON THE MEASUREMENT OF THE Dust CONTENT OF AIR INSIDE AND OUTSIDE OF INDUSTRIAL 
INstaLtLations. A. P. Avy, Staub 26:318 (Sept. 15) 1951. 


This is a general discussion of the various methods and instruments used for measuring dust 
concentrations, with examples of the techniques used in France. For silicosis studies, the number 
of particles between 0.2 and 3 # diameter of free silica in a dust cloud is the required parameter. 
The point is made that aerosols must be measured in the dust cloud, especially in silicosis studies, 
as the power of quartz particles to agglomerate is large. 

Many dust-measuring instruments exist. Before any limits of dustiness can be established, 
these different instruments must be compared and calibrated. In view of the instability of 
quartz dusts, Avy uses an indigo test cloud of average particle size 0.3 “ and as standard 
instrument the apparatus of Schultz. An asbestos filter is used as a secondary standard. 

Avy thinks it desirable to work with filters and describes the type of soluble filter developed 
in France. which is used as standard instrument in the French mining industry. The filtering 
medium is tetrachloronaphthalene which is precipitated with ether from a solution in alcohol. 
Ajfter use, the filter can be dissolved in alcohol or benzene, and the retained dust can be dispersed 
and measured under the microscope. 

The second part of the paper deals with air pollution studies. Dust measurements in chimney 
stacks are easy and are used to control the observance of the relevant laws about air pollution. 
For studies of dust deposition at various distances from the source, integrating instruments are 
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required which do not use energy and which stand up to variable weather conditions. An 
improved type of Owens instrument has been developed for this purpose. An example is given 
of measurements of fluorine concentrations in the neighborhood of an aluminum factory, based 
on measurements during seven weeks. Interpretation of the results is difficult. Although the 
amount of fluorine deposited can be measured, it is not known how much of it is washed away 
and how much taken up by cattle via the vegetation. Illustrations of the instrument and micro- 


graphs of dust samples are given. G. Nacetscumipr Hye.]. 


Accidents and Their Prevention; Protective Equipment 


SaFE HANDLING oF ANHYypRous Ammonia. R,. P. Newton, Agr. Chemicals 7:28 (Aug.) 1952. 


Anhydrous ammonia is extensively used in the fertilizer industry, as it is the most concen- 
trated source of nitrogen. Its high vapor pressure, 114 lb. per square inch at 70 F., makes it 
necessary to use containers and piping capable of resisting several times that pressure and to 
ensure that all joints are tight. Provisions of the A. S. M. E. codes for safe keeping are out- 
lined. Fortunately, the odor and irritating action become unbearable far below the toxic limit, 
so that in case of leak or other accident no one will remain exposed. Approved masks and 
protective clothing should be worn whenever it is necessary to work in contaminated places. 
Contact of the skin or eyes with liquid ammonia causes severe burns and must be avoided. 
Ammonia is inflammable in certain mixtures with air. Brass or copper pipes and fittings must 
not be used for connections. When employees have become accustomed to handling ammonia 
safely, they are likely to disregard precautions, and they should be kept constantly aware of the 
dangers. Strict inspection should be maintained always. Anhydrous ammonia and its solutions 
are being handled safely every day and can continue to be handled safely if the rules are observed. 


Inpust. Hye. Dicest. 


Usinc Sotvents SaFety. A. D. Branprt, Heat., Pip. & Air Cond. 24:106 (Aug.) 1952. 


The safe use of solvents depends upon knowledge of their properties, especially volatility, 
flammability, and toxicity. The problem of selection is complicated by the use of proprietary 
compounds, the composition of which is sometimes not given by the manufacturer. Only those 
whose composition is known should be employed. Ventilation is the most important method of 
controlling health and fire hazards. Tables are given showing the maximum allowable con- 
centration, relative volatility, and ventilation rate design data for a number of common solvents. 


Inpust. Hyc. 


TWENTY-NINTH ANNUAL REPORT ON SAFETY IN Mines ResearcH, 1950. A. H. A. Wynn, 
Ministry of Fuel and Power, H. M. Stationery Office, 1952. 


After the Cresswell Colliery disaster, an extension of the research already in hand on fire 
hazards was advised, with the recommendation that the work should take the form of coordinated 
laboratory and field investigations by the Ministry and the National Coal Board. Speedy action 
was taken. The extended fire research program includes work on the development of means of 
detecting heatings in roadways and means of detecting combustion for use in roadways, the 
assessment of means of restricting the spread of fire in roadways, the compilation of information 
on mine fires, the assessment of the fire hazard with diesel engines and locomotives under- 
ground, and the assessment of the fire-resistant qualities of brattice cloth. 

Two fires caused by diesel locomotives were due to the ignition of dust deposits on the hot 
surface of the exhaust scrubber. The smoldering of coal dust in small heaps had not been widely 
studied, but there is no doubt that it is a vital link in the development of many fires. 

Manufacturers have produced two new groups of Eq.S. explosives which may be used in 
soft or thin coal and in rippings. These explosives are as safe when fired in firedamp-air 
mixtures as the corresponding sheathed explosives. Eq.S. explosives have not yet been developed 
from the group of permitted explosives in which T. N. T. is the main ingredient. Other 
researches on shot firing are outlined. 
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The National Coal Board is conducting large-scale trials of the use of fluorescent tubes for 
longwall-face lighting, including studies of the effect on output and on accidents. 

Reference is made to an investigation of the pressure generated during explosion of a 
pentane-air mixture inside a core-cooled motor. Work on the intrinsic safety of electrical equip- 
ment is discussed. 

At the Safety in Mines Research Establishment work has been carried out over several 
years on the inflammable dusts encountered in industries other than mining. 

Many studies in engineering and metallurgy are described. The former include work on 
hydraulics which could help in the design of hydraulic props and various studies of aspects of 
roof supports and of haulage and winding ropes. 

Much attention is being given to dust control and the pneumoconiosis hazard. It is cogently 
remarked that only the prevention of dust will prevent pneumoconiosis, and this is primarily a 
task for the mining and mechanical engineers. It is provisionally concluded that so long as 
attention is confined to dust particles between 0-2 and 10 « in diameter the number of particles, 
the weight, and the specific surface all give reasonable estimates of the health hazard. The size 
distribution of dust particles in lung residues is being studied. For the rapid analysis of 
crystalline dusts, x-ray diffraction is particularly suitable, and good results have been given by 
this technique. The mineral constituents of lang residues have been studied. 

A rough but quick estimate of dust concentrations is yielded by the S. M. R. E. cap-lamp 
densitometer. An automatic dust sampler was described in an earlier report, and an elutriator 
has now been designed which can be attached to it to ensure that only the smaller particles are 


collected. Tuomas Beprorp [Butt. Hye.]. 


New Feperat Orpen ON ACETYLENE, OXYGEN, AND CALCIUM CHLORIDE. T. ALTHER, Gesund- 
heit u. Wohlfahrt 32:163 (March) 1952. 


The author, who is an Engineering Inspector at the Swiss Acetylene Association, discusses 
the reasons for the introduction of the new Order of Feb. 28, 1950. These are based on the 
statistics of accidents caused in the handling and use of acetylene; in recent years an average of 
two accidents, mostly trifling, have occurred every week, but more serious accidents and danger- 
ous occurrences have been reported, with an average of one fatal accident annually. 

The Order covers factories in which carbide is stored, in which apparatus for acetylene or 
dissolved gas is installed, or in which oxygen is used in combination with acetylene or other 
inflammable gas. Similar Cantonal Orders are in force, and these are adapted to the technical 
conditions obtaining in the Cantons and are sometimes less stringent than the Federal Order. 
The provisions of the new Federal Order and of the Cantonal Orders are compared. The technical 
conditions of construction of apparatus, the installation of generators, and the transport and 
storage of carbide, as required by the New Order, are examined in detail and compared with 
the requirements of the Order of 1934, previously in force. Certain premises, depending on the 
nature and extent of their use of such installations, are subject to periodical inspection and test- 
ing; the frequency of these inspections has been reduced. Accidents involving fire or explosion 
due to the generation of acetylene or to the use of acetylene and oxygen must be reported, whether 
or not personal injury has resulted. Advisory notices are reproduced on acetylene and on instruc- 
tions for the care and use of cylinders of acetylene, hydrogen, and oxygen. The article is of 
special interest to those responsible for the safety of workers engaged in the generation, handling, 


and use of acetylene. E. L. Mippteton [Butt. Hye.]. 
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Books 


Lead in Modern Industry: Manufacture, Applications, and Properties of Lead, Lead 
Alloys, and Lead Compounds. By Lead Industries Association. Price, $1.50. Pp. 230, 
with 121 illustrations. Lead Industries Association, 420 Lexington Ave., New York 17, 1952. 


“Lead in Modern Industry” deals primarily with the properties and uses of lead and its 
compounds. The book has been prepared to gather in one place a large amount of technical and 
general data regarding lead and its compounds so that metallurgists, chemists, engineers, execu- 
tives, and others may determine more readily whether lead has properties that can be of help 
to them. 

The book begins with a brief history of lead, followed by methods of mining and refining of 
the ore. Some of the chapter titles are as follows: Lead Storage Batteries, Corrosion Resistance 
of Lead and Lead Alloys, Composition of Commercial Pig Lead, Soldering and Welding of Lead, 
Lead in Modern Plumbing, Lead in Modern Architecture, Lead and Lead Alloy Coatings, 
Bearing Metals, Ammunitions, Properties of Lead and Lead Alloys, and Physical Constants 
of Lead Compounds. : 

Chapters that may be of interest to those in the field of medicine are Radiation Protection 


and The Safe Handling of Lead and Lead Products. GrorcE J. CvejJaNovicu, Boston. 


Medical Motion Pictures 


The City That Disappears: 35 mm., sound, showing time 28 minutes. Produced by Graphic 
Films, 1618 N. Las Palmas Ave., Hollywood 28, Calif. 


The film “The City That Disappears,” was made under the technical direction of the Stanford 
Research Institute and was financed by the Western Oil and Gas Association, of Los Angeles. 
The technical details were taken freely from the Third Interim Report of the Institute, entitled 
“The Smog Problem in Los Angeles County.” There is a nice mixture of animated cartoons, 
good photography, and technical talks. The several reports and symposia of the Institute are 
well known. 

We borrowed the film on the recommendation of a staff member who had seen it and then 
used it ourselves instead of giving a somewhat dull lecture on atmospheric pollution, inversions, 
and control measures. The lucid and concise account of micrometeorological conditions, with very 
clear animation, was a welcome substitute for the lecturer’s efforts. 

Anyone interested in seeing the film should write to Mr. Paul Magill, Stanford Research 


Institute, Stanford, Calif. 
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inthe hands of 
the physician 


Chloromycetin 


notably effective, well tolerated, 
broad spectrum antibiotic 


Often the critical evaluation of the drug to be administered in ophthalmologic 
infections is as important to the patient's recovery as is the diagnosis of his 

condition. In each case correct procedures can be determined only by the physician. 
CHLOROMYCETIN is eminent among drugs at the disposal of the ophthalmologist. 

Of great importance is its ability to penetrate easily from the blood stream into 

the intraocular structures; likewise it is effective when administered topically. Clinical 
findings attest that, in the hands of the physician, this widely-used, broad spectrum 
antibiotic has proved invaluable against a great variety of infectious disorders of the eye 


The many hundreds of clinical reports on CHLOROMYCETIN emphasize repeatedly its 
exceptional tolerance as demonstrated by the infrequent occurrence of even mild signs and 
symptoms of gastrointestinal distress and other side effects in patients receiving the drug. 
Similarly, the broad clinical effectiveness of CHLOROMYCETIN has been 
established, and serious blood disorders following its use are rare. However, it is a 
potent therapeutic agent, and should not be used indiscriminately or for minor 
infections — and, as with certain other drugs, adequate blood studies should be 
made when the patient requires prolonged or intermittent therapy. 
Chloromycetin Kapseals,® 250 mg., bottles of 16 and 100 

Chloromycetin (ehloramphenicol, Parke-Davis) Chloromycetin Capsules. 100 mg.. bottles of 25 and 100 

Chloromycetin Capsules, 50 mg.. bottles of 25 and 100. 

Chloromycetin Ophthalmic Ointment, 1%, %-ounce collapsible tubes. 


including the following: Chloromvcetin Ophthalmic, 25 mg. dry powder for solution. 
individual vials with droppers 


is available in a variety of forms, 


(@) 
Davis Company 
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RESULTS COUNT!...in Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


Athlete's Foot) 
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i , Ointment and powder of ZINCUNDECATE 
— Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 
WALLACE & TIERNAN PRODUCTS, INC., Belleville 9, N. J., U.S.A. 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and 
PSYCHIATRY gives practical assistance 
to those readers who would keep well 
informed about the rapid progress in 
these fields. It presents original articles, 
clinical notes, special articles, society 
transactions and Seok reviews and book 
notices. Each issue includes a_ large 


number of brief digests from current 
medical literature which present signifi- 
cant findings of eminent neurologists and 
psychiatrists throughout the world. Well 
illustrated. Issued monthly. Averages 
about 2730 pages annually. Price, $12.00 
a year. Canada, $12.40. Foreign, $13.50. 


AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 


Close-up of Eye 
Taken with New 
Exakta 
Camera 


New Model With Pre-Set 
Diaphragm Control 


EXAKTA “VX” 


35mm Single Lens Reflex Camera 
For Parallax-Free Medical 
Photography 


The Exakta, with instantly interchangeable lenses, is 
widely used by industrial physicians for every type of 
medical and research photography. Its unique through- 
the-lens viewing system assures absolutely correct “‘on- 
the-subject” photographs, in extreme close-ups or through 
the microscope. In addition, this world famous medical 
camera is regularly used for preliminary, developmental, 
and end result pictures of patients; for copying X-Rays; 
and for making color transparencies—a necessity for 
recording and ey 


With 2.8 Zeiss Tessar “‘T’’ Coated Lens 
with Pre-Set Diaphragm 

Penta-Prism Eye Level Reflex Viewfinder 

Extension Tube Set 


Write Dept. 800 for free descriptive booklet “H” on 
camera and accessories and brochure on close-up tech- 
nique with the Exakta. 


EXAKTA CAMERA CO., 46 W. 29th St., N.Y. 1,N. Y. 


Exclusive Sales and Service Organization in the 
U.S.A. for Ihagee Camera Works, Germany 


HAIR, SKIN AND COSMETICS 


Here are several booklets on subjects of 
interest to you and your patients. They 
answer many of the questions brought to 
you, and may prove themselves to be 
real time savers. 


THE SKIN IN HEALTH AND DISEASE. Harold N. 
Cole. 8 pages. 15 cents. 

HAIR AND SCALP TREATMENT AND PREPARA- 
TIONS, Committee on Cosmetics. 12 pages. 15 cents. 
“HAIR-BRAINED” NOTIONS. Lois Mattox Miller. 
12 pages. 15 cents. 

HAIR DYES. Committee on Cosmetics. 4 pages. 15 
cents. 

SUPERFLUOUS HAIR AND ACNE. Samuel M. 
Kaufman. 8 pages. 15 cents. 

ACNE, THE TRAGEDY OF YOUTH. Norman R. 
Goldsmith. 12 pages. 15 cents. 

COSMETIC FACTS AND FANCIES. Austin Smith. 
8 pages. 15 cents. 

ARE HORMONE CREAMS A SKIN GAME? Maxine 
Block. 8 pages. 15 cents. 

PSORIASIS, THE THREADBARE MANTLE. Lester 
Hollander. 12 pages. 15 cents. 

FIRE UNDER THE SKIN. William W. Bolton. 9 
pages. 15 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
Chicago 10, Illinois 
535 North Dearborn Street 
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Vaseline 


always sterile, 
always ready for 
“1001” surgical uses... 


Outstandingly successful for burns and abrasions, these 
sterile-packed, ready-made dressings have countless 
other uses in surgery. Particularly indicated for: 
WOUND COVERING, as for traumatic injuries and after 


surgery ...to protect from irritation and contamination, 
to avoid adherence. 


PACKING, as in abscess cavity...to permit healing from the 
bottom, to meet aseptic precautions. 


PLUG, as after hemorrhoidectomy ...to help control bleeding 
without sticking and subsequent tearing. 


DRAIN, os for septic wounds... to avoid maceration, pressure 
necrosis and erosion. 


Available in three sizes: 
No. 1—3” x 36” (6 in carton) 
No. 2—3” x 18” (12 in carton) 
No. 3—6” x 36” (6 in carton) 


Obtain from your regular source of supply . . . insist on the 
ready-to-use, dependably sterile dressings in the foil-envelopes. 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division * NEW YORK 4, N. Y. 


VASELINE is the registered trade-mark of the 
Chesebrough Mfg. Co., Cons’d 
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IT TAKES AQT OF 


.. to cover all your needs 

when it comes to 

anesthesia and analgesia. 

With Pontocaine you obtain 
prompt induction 
sustained anesthesia 
prolonged analgesia 
relative safety and 
convenience 


Surgeons and anesthesiologists who use Pontocaine 
for nerve block and infiltration analgesia know that 
you can stretch operating time to as much as five 
hours and postoperative analgesia to nine hours. 

Pontocaine’s much longer duration of action 
allows you to complete a surgical procedure without 
fear that the anesthesia may wear off . . . without 
apprehension that the postoperative analgesia won't 
be long enough to give your patient a good start 
towards recovery. 

And it takes so little Pontocaine to do it . . . only 
0.1 to 0.2 per cent concentration . . . leaving you 
with a relatively wide margin of safety. 


PONTOCAINE 


HYDROCHLORIDE 


Winthrop-Stearns Inc. 
New York 18, N. Y. © Windsor, Ont. 


776M 


sustained anesthesia 
2 to 5 hour nerve block 
2 to 3 hour spinal 
prolonged analgesia 
5 to 9 hour pain relief 


For 5 hour nerve block 
(surgical, diagnostic 
and therapeutic), 
for Infiltration and Continuous 
Caudal Analgesia 
0.15 per cent solution, 
vials of 100 cc. 


For 2 to 3 hour spinal anesthesia 


“Niphanoid’® 10 mg., 
15 mg. and 20 mg. 
1 per cent solution, 
ampuls of 2 ce. (20 mg.) 


Also available as 
0.5 and 2 per cent solutions 
for topical application. 


Pontocaine (brand of tetracaine) and Niphanoid, 
trademarks reg. U.S. & Canada 
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